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FREEDOM IN THE UNIVERSITIES 


IKE other forms of freedom, academic freedom 

in British universities is sometimes misunder- 
stood and too often taken for granted. It is hearten- 
ing, therefore, to see that such a widely experienced 
vice-chancellor as Sir Eric Ashby has devoted con- 
siderable thought to define the internal conditions 
under which universities in the British Common- 
wealth of Nations are able to determine their own 
policies and to manage their own affairs. His concern 
was to examine how university constitutions may be 
worked in order to allow academic men to exercise 
their many conceptions of academic freedom*. 

No university constitution can guarantee academic 
freedom, and, as Sir Eric clearly shows, almost any 
constitution can be made to work so that freedom is 
preserved. Oxford and Cambridge are autonomous 
societies, governed by academic men and without lay 
control. Since 1889 the Scottish universities have 
been governed by Courts on which there is some lay 
representation, although responsibility for academic 
matters is delegated to the Senatus, which is com- 
posed predominantly of professors. The modern, or 
civic, universities are governed by Councils composed 
predominantly of laymen, with some academic 
representation, though certain powers are delegated 
to the board of professors, which is usually called the 
Senate. The universities and university colleges of 
the Commonwealth have constitutions which resemble 
those of the British civic universities. 

This summary overlooks the substantial variations 
among constitutions of modern universities. Until 
1942, for example, the chief academic board of the 
University of Sydney (the Professorial Board) could 
deal officially only with certain delegated respons- 
ibilities and with matters referred to it by the lay 
governing body (the Senate): it was on occasion 
prevented from expressing its views outside these 
limits. By contrast, the academic bodies of the 
Universities of Manchester, Bristol and Nottingham 
(among others) have, since their foundation, been 
empowered “‘to discuss and declare an opinion on 
any matter whatsoever relating to the University’’. 
Even in procedures relevant to the maintenance of 
academic freedom, no two universities in the British 
Commonwealth operate in the same way. 

A catalogue of university constitutions does not of 
itself throw much light on the conditions for main- 
taining self-government. In all constitutions, except 
those of Oxford and Cambridge, ultimate sovereignty 
resides in a governing body of which the academic 
staff does not form a majority; and beneath the 
governing body there is a hierarchy of finance com- 
mittees, senates, faculties and boards of studies. 
Yet in very few universities and colleges in the 
Commonwealth does the governing body deprive 
members of the academic staff of the privilege of 
determining their own policies and managing their 
own affairs. When their constitutions are worked 


Science and Freedom, No. 7 (G. Polanyi, 
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wisely, universities of the Commonwealth are able to 
ensure that every permanent member of the academic 
staff has an opportunity to take part in the formula- 
tion of policy, fully as effective as the part taken by 
the academic body at Oxford or Cambridge. This is 
surely the freedom which should be most jealously 
guarded. 

Despite their unpromising framework of govern- 
ment, modern universities are able to function 
virtually as self-governing societies because, in 
general, the constitutions function, in Sir Eric’s 
words, as “inverted hierarchies”. No matter whence 
they emanate, ideas are fed into the administrative 
machine at the level of a department or faculty 
board and seep gradually upward until they are 
eventually submitted to the predominantly lay 
Council for approval. By and large, the main 
direction of flow of new ideas and proposals is 
from below upwards, and not in the reverse direc- 
tion. 

If there is to be academic freedom, the academic 
staff in a university should have de facto control of 
the following functions: (1) the admission and 
examination of students; (2) the curricula for 
courses of study; (3) the appointment and tenure 
of office of academic staff; and (4) the allocation of 
income among the different categories of expenditure. 
In healthy universities it is found that the governing 
body delegates these functions—sometimes by 
tradition and sometimes by legislation—to the 
academic body; and in healthy universities the 
academic body ensures that this delegation is not 
merely to an oligarchy of professors but is well 
dispersed among the whole teaching staff. Where, 
for one reason or another, de facto control of these 
functions is withheld from the academic body, 
academic freedom is insecure. 

If lay governing bodies were to intervene in the 
admission of students, for example, there would be 
justifiable resentment from the academic staff. It is 
rare in the British Commonwealth of Nations for a 
qualified student to be excluded from a university 
on grounds of race or colour or religious or political 
belief ; for this reason developments in South Africa 
are regrettable and disturbing. 

A more common weakness is for the university to 
lose its control over standards of admission by 
accepting automatically any student who has passed, 
at some prescribed level, examinations controlled by 
an outside body. Indirectly, too, the university loses 
some control over its own standards of admission 
when recalcitrant local education authorities like the 
West Riding of Yorkshire refuse to finance students 
who, despite their having been accepted by a univer- 
sity, do not possess qualifications which are satis- 
factory to the local education authority. 

In any university which claims to manage its own 
affairs, members of the academic staff must have de 
facto control of academic appointments. This is 
recognized in most university constitutions, which 
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give the governing body authority to appoint 
academic staff only “after considering a report from 
the Senate”. The effect of the general practice is to 
Fut the real responsibility for filling academic posts 
on the shoulders of the academic staff. 

The procedure is not without its dangers. The 
Councils of a few universities still require two or 
more nominations from the academic body, and 
reserve the right to select the successful candidate 
on their own initiative from among these two or 
three names; in making their selection, Councils 
have been known to show preference for candidates 
with local or regional connexions. This is detrimental 
to the well-being of any university, and should be 
strenuously resisted. 

Security of tenure in academic posts is guaranteed 
because most universities do not give themselves the 
power to discharge academic men except for moral 
turpitude or incapacity to fulfil their contracts ; even 
then it is a power very rarely exercised. On those 
rare occasions when disciplinary action is taken 
against an academic man, the wise vice-chancellor 
ensures that the investigation, the report and recom- 
mendation are made by a group of the man’s academic 
colleagues, and not by the lay governing body. There 
is an admirable tradition in the British Common- 
wealth which permits academic men to hold political 
and religious opinions with impunity, however repug- 
nant these opinions may be to the governing body, 
and (on occasion) however irresponsible and indiscreet 
some academic men may be in promulgating their 
views. 

This, and much other evidence besides, leaves no 
doubt that self-government is as widespread and as 
effective and secure in modern British and Common- 
wealth universities as in our two ancient self- 
governing universities. The constitutional differences 
between the two kinds of universities and the fact 
that there is de jure lay control in one kind and 
not in the other do not greatly influence the ways in 
which universities manage their affairs. In all of 
them policy is in the hands of the academic staff ; 
where this is not guaranteed by statute it is ensured 
by tradition. 

Whatever else flows upwards in universities, how- 
ever, money flows downwards. Considerably more 
than half the income of all British universities comes 
from the public purse. No degree of self-government 
within universities could avail to protect them 
against intervention from their paymasters if they 
eared to intervene. In fact, in the United Kingdom, 
the paymasters have never intervened and show no 
sign that they are likely to do so. 

Here is the potential danger to academic freedom 
in universities. The academic staff may control 
admissions, examinations, courses of study, and 
appointments ; yet a lay finance committee, under 
a lay honorary treasurer, might so recommend the 
allocation of funds as to encourage one faculty more 
than another, or one department more than another, 
without regard to the wishes of the academic body. 
The constitutions of modern universities provide no 
safeguard against this, and here a heavy respons- 
ibility falls on the vice-chancellor. 
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The long and noble heritage of academic freedom 
in Europe has been preserved by a technique for 
working almost any form of constitution. The tech. 
nique is to secure government by consent and, afte; 
consultation, by ensuring that there is an upward 
and not a downward flow of business and policy. 
making. There is an important condition for its 
survival, namely, that the principle of upward flow 
shall apply throughout the whole hierarchy and no; 
merely between the Council and Senate. Yet, as Sir 
Eric shows, “‘not all professors consult their lecturers 
as scrupulously as they themselves expect to be 
consulted by the lay governors before decisions are 
made. As faculty boards become larger, there is 4 
temptation for an oligarchy of senior professors to 
take over the responsibilities of government on behalf 
of their more junior colleagues. That way danger 
lies, for any weakening of the principle of self. 
government within the academic body makes it 
harder to preserve self-government within the 
university as a whole, and correspondingly harder to 
maintain the autonomy of the university in the 
modern democratic State”. Who wishes to be 
consulted must consult. 


RAMSAY 


A Life of Sir William Ramsay, K.C.B., F.R.S. 

By Prof. Morris W. Travers, F.R.S. Pp. viii +308+ 
9 plates. (London: Edward Arnold (Publishers), 
Ltd., 1956.) 50s. net. 


HIS is a book which one cannot put down : it is 

even dangerous to pick it up of an evening, 
unless the next day is to be an ‘off’ day. As scientific 
drama it is enthralling ; as scene and portrait paint- 
ing, vivid; and yet as history, which is fully and 
cogently documented, it is thorough; while the 
scientific descriptions, as one would expect, are 
technically precise. In this volume, written by Prof. 
M. W. Travers between his eighty-first and eighty. 
third birthdays, with all the strength of style of 
man in his prime, we find a remarkable combina 
tion of high literary merit, good history, and good 
science. 

In his preface, the author mentions his source- 
material. In 1913, Ramsay himself, at Ostwald’s 
request, wrote a short autobiographical sketch, which 
is chiefly interesting for Ramsay’s views on the 
influence of his ancestry, parentage, education and 
early contacts on his life and work. In 1916, Ramsay 
died. In 1918, Tilden published his ‘“Memoir’’ of 
Ramsay, in which he records much of what is known 
of Ramsay’s childhood and youth. But his account of 
Ramsay’s scientific work is uneven, and, as to his 
most important work, arid. The reason is that Tilden 
had no contemporary contact with it: he was never 
one of the “band of brothers’’, which Soddy found in 
London at University College, as he has described, 
when he came from Montreal to join Ramsay. Travers 
was one of that band: he and Ramsay together had 
discovered and isolated three of the five permanent 
rare . So Travers knew it all from the inside. 
In 1928 he had, with the aid of Ramsay’s laboratory 
note-books, lent to him by Lady Ramsay, made 4 
study of it in his “Discovery of the Rare Gases”. 
Then, when Lady Ramsay died in 1937, she left 4 
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large collection of Ramsay’s letters and other papers, 
which her daughter, Lady Tidy, presented as working 
material to Prof. Travers. These letters contained 
a wealth of illuminating information, some of it of 
first importance in relation to historical matters 
which had remained obscure or had actually become 
garbled for lack of precise information. Here was 
ample material for a new and authoritative biography. 
Prof. ‘ravers spent the years 1937-39 and 1948-52 
ordering this material, in combination with material 
which he had himself collected. The whole of this 
annotated source material, bound in twenty-four 
volumes, has since been presented by Lady Tidy and 
Prof. Travers to University College, and is now pre- 
served in the library of the College. In 1952, Prof. 
Travers began writing the present book. 

The book is fundamentally « critical as well as an 
informative contribution to scientific history. But 
Ramsay left so much on paper, as well as in survivors’ 
memories, that revealed his personality, that the book 
is also a vividly graphic human biography. We see 
Ramsay making music, swimming and diving, sailing 
small boats, learning to paint, learning 
making numerous friends, making journeys especially 
to see them, conversing with them, and writing them 
long and entertaining letters, his letters, like his 
conversation, full of wit, humour and generous 
feeling. We see him as a public figure, working un- 
selfishly, often at tremendous pressure, for the 
organization of university education or of science ; 
and we see him as “‘a fellow sticking in with tooth 
and nail to his work’’ in the laboratory—to quote a 
description he once gave of himself. 

A reviewer must not spoil the story, but the reader 
of this book will discover how this man of many parts 
kept the University College of Bristol’s head above 
water when it was almost drowning financially ; how 
he took an initiative which led to the original estab- 
lishment of government grants for British universities 
and university colleges; how he organized the first 
considerable importation of radium into Britain, at 
first for purely scientific purposes ; how he then, with 
medical colleagues, founded radiotherapy ; and how, 
with other colleagues, after sustained effort, he got it 
recognized in the University of London that the most 
fundamental university activity is research, and that 
teaching is barren without it. To this day, the 
University of London will dignify no one with the 
name of “Teacher’ who cannot show a considerable 
record of research publications. 

So little support had research in universities in 
Ramsay’s most productive period that he had to do 
consulting work, in order to earn the money to buy 
the materials to do it. These were the conditions in 
which he elucidated laws of liquid-vapour equilibria, 
partly with Sydney Young, discovered and isolated 

argon with Rayleigh, discovered and isolated ter- 
restrial helium, discovered and isolated neon, krypton, 
and xenon with Travers, proved with Soddy the 
a-rays of radium to be charged helium, and measured 
the atomic weight of radon with Whytlaw-Gray, lay- 
ing bare in this last work the pattern of radioactive 
change. Ramsay and Soddy bought their own radium 
with their savings or pocket-money. Travers got his 
compressor by reversing the valves of an old vacuum 
pump, and generated the hydrogen that he had to 
liquefy to attain the low temperature needed, from 
zine and sulphuric acid in a beer barrel. Whytlaw- 
Gray’s first ‘research work’ (ae has told me this—it 
is not in the book) was to naint an old and rusty 
gasometer in an effort to make it gas-tight. 
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I personally would have liked the book to include 
some account of Ramsay’s early views on the elec- 
tronic theory of chemistry, which were ahead of their 
time ; and I would have enjoyed a somewhat fuller 
account of the work with Whytlaw-Gray on radon, 
one of the finest examples of chemical manipulation of 
all time. However, Prof. Travers does go very fully 
and frankly into the one error by Ramsay, which has 
brought so much comfort to his detractors. In this 
again Ramsay was, in thought, far ahead of his time : 
he believed in the possibility of artificial transmuta- 
tion—of ‘atom splitting’—when no one else did, when 
to do so was heretical. He searched for it, and 
thought that he had found instances of its realization, 
in spectrum-analytical amounts; but actually im- 
purities, in those amounts, had found their way, during 
his manipulations, into his apparatus. Ten years 
later, Rutherford really observed it, but only in one 
atom at a time. Three decades were to pass before 
it was effected on any analytical scale. 

The book is illustrated, not only in the conventional 
manner of a scientific biography, with portraits, 
photographs of apparatus, and the like, but also with 
many photographic reproductions from hand-written 
letters by Ramsay, and to Ramsay, and from his 
laboratory note-books. Of course, the extracts thus 
reproduced are selected for their historical importance: 
they add greatly to the value of the book as history. 
But this sort of history is not dry or heavy with 
detail : days of joy are in store for all who read this 
permanently important contribution to chemical 
history. C. K. Incoip 


SOCIAL CHANGE IN NEW 
GUINEA 


New Lives for Old 

Cultural Transformation—Manus, 1928-1953. By 
t+ Mead. Pp. xxii+548 +16 plates. (London: 

Victor Gollancz, Ltd., 1956.) 25s. net. 


R. MARGARET MEAD returned in 1953, after 

an absence of twenty-five years, to Manus in 
the Admiralty Islands, the scene of her “Growing 
up in New Guinea’. In the interval, the Manus 
had been occupied by the Japanese and liberated 
by the Americans, and had adopted, first a millenary 
cult which promised that a magical cargo of all 
kinds of trade goods would arrive if they threw 
all their old possessions into the sea, and then a 
rational modernization movement known as the 
‘New Way of Thinking’. This involved the union 
of thirty-three villages under a single elected council, 
the teaching of ail boys to read, the establishment 
of a communal treasury from which, among other 
aims, alienated land would be brought back, the 
re-siting and re-building of villages and other public 
works by the labour of the whole population under the 
instructions of the elected leaders. Many of these 
activities were in line with the reconstruction policy 
of the Australian administration. The Manus were 
also bidden by their leaders to cease from the quarrel- 
ling which Dr. Mead had found so prevalent twenty- 
five years before, and not to support their kinsmen 
if quarrels did arise. She refers often to the ‘code’ 
of the New Way, and once to an offence under it, but 
she does not record it. Of the leader, Paliau, she says 
that his ideas as to method were vague, though he 
was certain that “the old bad culture was to be 
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completely abandoned for a new culture which would 
bring the natives into world culture”’. 

The lesson of Manus, in Dr. Mead’s view, is that we 
need not be as apprehensive as some anthropologists 
have been of the disturbances that may be caused by 
radical social change. We should realize that the 
worst difficulties arise from the incomplete adjust- 
ments which Europeans force on subject peoples by 
‘selective giving’ ; both the phrase and the idea come 
from Malinowski, though the source is not acknow- 
ledged. Dr. Mead does, however, state the grounds 
for these apprehensions, and she makes quite clear 
the difference between the reasonable views which 
anthropologists have held and the absurd ones with 
which they have been credited. There cannot be 
many anthropologists now outside South Africa who 
believe that non-European peoples should be dis- 
couraged from adopting Western techniques and the 
social organization that goes with them. But Dr. 
Mead’s own account suggests that the mere desire for 
change, even for total change, is not enough—that 
even if we no longer hesitate to promote change for 
fear of the problems that it will create, we must still 
realize that there will be problems. Some of us 
believe that the most useful application of the 
anthropologist’s knowledge consists in pointing out 
these problems. 

Not many British anthropologists would interpret 
the process of change as Dr. Mead does. For her, it 
occurs if a people’s education has moulded their 
personality in such a way that they are capable of 
change, and if an example is offered to them which 
they consider worthy of imitation. 

The entity which changes is a ‘culture’, a collection 
of ways of acting, feeling and thinking, and the 
change is a process of imitating the ways of others. 
In the case of the Manus, the example was the 
democratic way of life as embodied in the ‘G.I.’, who is 
friendly with his fellows instead of being surly and 
suspicious as adult Manus used to be. In Britain we 
do not see ‘cultures’ in confrontation, one ‘accepting’ 
or ‘taking’ items from the other as though they were 
displayed for sale, nor do we consider that society 
cannot change without changes in personality. To 
us @ society is a body of people united by a system of 
recognized relationships within which they compete 
for such advantages as the system offers, including, of 
course, public esteem. The new situations that arise 
when a small-scale society is incorporated into a much 
wider economic and political system offer new oppor- 
tunities, which again individuals exploit in so far as 
they expect to derive advantage from them. The 
difficulties of adjustment are difficulties of choice 
between alternative courses of action; the new 
activities may involve loss of esteem, the neglect of 
obligations, or conflict with vested interests; or the 
advantages of a change which is offered as an improve- 
ment may not be clear. A formidable difficulty in 
Dr. Mead’s argument is that she tries at one and the 
same time to treat the events in Manus as the product 
of a unique combination of favourable circumstances 
and as a basis for generalization. Actually many 
simple societies have willingly accepted changes as 
radical as have the Manus, after an early period of 
conservatism such as the Manus also went through, 
but without their cataclysmic recent history. Not 
many of these, so far, have been in New Guinea. 
But the fact, which Dr. Mead insists upon so often, 
that New Guinea techniques are those of the Stone 
Age is not really very significant. The possession of 


iron tools does not imply a social organization so 
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much nearer to that of the West as to make Ney 
Guinea unique. 

Dr. Mead’s writing is, in the main, refreshingly 
untechnical, though it is at the same time so sentj. 
mental that the straightforward physiological terms 
which she uses here and there produce a shock of 
incongruity. She seems to be cajoling an audience 
whose attention would not be held by a more matter 
of-fact presentation, and this may cost her the intcregt 
of a harder-headed public. L. P. Mar 


MODERN PHYSICS FOR 
ENGINEERS 


Modern Physics 
A Textbook for Engineers. By Prof. Robert L, 
Sproull. Pp. xii+491. (New York: John Wiley 
and Sons, Inc.; London: Chapman and Hall, Ltd, 
1956.) 62s. net. 


HE engineer who has a sound knowledge of wave 
propagation and communications theory, and is 
master of the associated mathematics, approaches 
modern quantum mechanics equipped with the basic 
concepts and vocabulary and much of the necessary 
technique. Prof. R. L. Sproull’s excellent book is 
written for this type of reader, to supply a theoretical 
background leading to a proper understanding of 
physical processes of engineering importance. Electri- 
cal analogies for problems in other fields, such as 
optics and acoustics, arise naturally, of course ; and, 
indeed, extracting the fullest significance from a 
differential equation by applying it generally oughi 
probably not to be called analogy, unless we extend 
the term as far as wave mechanics itself. But the 
feature which makes the book so clear and interesting 
to read is the author’s regular appeal to some macro- 
scopic wave property of electromagnetic waves that is 
comparable with the behaviour of a wave-function ; 
the theoretical physicist is shown, in fact, to be using 
the same methods as the practical man, though 
applying them to quite different problems. 
Fundamental experiments on the particle and wave 
properties of the electron, proton and neutron are 
described in the earlier chapters and lead up to the 
idea of a particle guided by a wave-packet. The 
indeterminacy principle is shown to arise if we attempt 
to discern two co-ordinates of a wave-packet regarded 
as a modulated continuous wave, and the principle is 
discussed more fully with reference to pulse spectra 
in an appendix. Next, the Schrédinger wave equa- 
tion is stated, and the meaning of the wave-function 
Y explained. The first step is to show that the equa- 
tion does lead to some results when applied to simple 
problems: the case of a free electron in a square 
potential well, and then a bound electron. The 
rigorous analytical treatment is accompanied by 8 
transmission-line analogy. Having, so to speak, 
established confidence in the method, the author 
applies it next to the Coulomb-field potential of the 
hydrogen atom, and shows that quantum numbers 
arise inevitably in the theory. ‘Allowed’ transitions 
with unsymmetrical integrals are likened to the radiat- 
ing property of an antenna driven out of phase, and 
the transitions that are ‘forbidden’ because of sym- 
metry to the non-radiating in-phase driven antenna. 
The exclusion principle, illustrated by the electronic 
structure of light atoms, is explained in more general 
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form to prepare the reader for its use in solid-state 
tneory. 
- \ detailed quantitative discussion of ionic and 
valent binding precedes the chapter on crystals and 
the metallic state. Lithium is taken as a typical 
metal, and the reason for its metallic properties 
deduced from its 2s wave-function. Next, a one- 
dimensional square-well model of a metal is considered, 
and compared with a wave-filter for which V is the 
analogue of ¥. It is pointed out that matters are 
much more complicated with actual potential distri- 
butions in three dimensions (Brillouin zones are 
mentioned but not discussed) but that the general 
principles are the same. Three chapters on the 
mechanical, thermal and electrical properties of solids 
follow ; and these properties are explained in terms of 
quantum mechanics. Semiconductors and their 
many applications are treated fully, and the final 
chapters deal with thermionic emission, electron 
opties, radioactivity, and nuclear reacticas. 

The book is satisfying because the author does not 
attempt to oversimplify a difficult argument, but 
instead precedes it by taking simpler cases which 
allow of a naturally straightforward treatment and 
analysing them thoroughly. The mathematics is 
kept to a level that does not require the specialist 
techniques of the mathematical physicist. For 
example, the Fermi distribution is introduced with 
the statement that a Maxwell distribution for con- 
duction electrons could not satisfy the exclusion 
principle, and this one does; the formula for the 
Fermi distribution is stated without proof, but its 
meaning and some of its consequences are explained 
and worked out quantitatively in the fullest detail. 

Many numerical exercises are included, and at the 
end of each chapter there are references to standard 
treatises ; the reader who has worked through this 
book should certainly be well equipped to consult 
such more specialized works with understanding. 

G. R. Noakes 
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DISEASES OF TOBACCO IN 
AFRICA 


Tobacco Diseases, with special reference to Africa 
By Dr. J. C. F. Hopkins. Pp. xvi+178+4 plates. 
(Kew : Commonwealth Mycological Institute, 1956.) 
358. ; 
HIS book is one of a series published by the 
Commonwealth Agricultural Bureaux on diseases 
of tropical and subtropical plants. Dr. 8S. P. Wilt- 
shire says in his foreword that it is designed for 
plant pathologists, extension officers and tobacco 
farmers. 

The first part of the book is devoted to a detailed 
consideration of the problems involved in the produc- 
tion of disease-free tobacco seedlings and the main- 
tenance of healthy plants from transplanting to 
reaping. The subjects discussed include the prepara- 
tion of seed-beds, cleaning and disinfecting seed, 
spraying both in the seed-leds and in the field, and 
the effects of some cultural practices on disease 
control. The main points of all these operations are 
dealt with fairly comprehensively, though some of 
the recommendations will be questioned by the more 
progressive growers and by many of those engaged in 
tobacco research in Rhodesia to-day. Some examples 
of these might include the use of bricks and cheese 
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cloth in seed-beds, the advice to remove and burn or 
compost all tobacco stalks in preference to ploughing 
them in, and priming (removal of lower leaves) as a 
method of disease control. 

The second part of the book contains detailed 
descriptions of symptoms of diseases and disorders 
which may be encountered by tobacco growers. 
Following the pattern of his earlier handbook, 
“Diseases of Tobacco in Southern Rhodesia”, the 
author introduces each description with a few notes 
on the causal organism. There are many excellent 
photographs and coloured plates showing symptoms 
of the diseases which are described in the text, and 
these should prove useful to students of tobacco 
culture, extension officers and farmers. The descrip- 
tions include some bacterial, fungal and virus diseases 
which are comparatively rare, as well as those which 
are more common. There are also sections dealing 
with physiological, deficiency and miscellaneous 
diseases and those peculiar to the curing barn. 

Some of the control measures advocated do not 
find support in the data and recommendations 
published by the Tobacco Research Board of Rhodesia 
and Nyasaland in recent years. To that extent this 
book will tend to confuse rather than to clarify the 
thoughts of farmers on the control of diseases in 
tobacco. Nevertheless, this book brings together the 
author’s experiences and personal observations of 
tobacco disease problems in the course of a long 
career in Africa, and will therefore be read with great 
interest by those working with this crop. 

° I. NEas 


BIOLOGY OF SENESCENCE 


The Biology of Senescence 
By Dr. Alex Comfort. Pp. xiii+257. (London: 
Routledge and Kegan Paul, Ltd., 1956.) 25s. net. 


R. COMFORT has made sure that there are no 

misconceptions about the subject of his book by 
calling it the ‘Biology of Senescence’? rather than 
“The Biology of Ageing’. He goes still further in 
precision by defining what he means by senescence. 
It is, he says, an increasing likelihood of death with 
increasing age, or ‘‘a decrease in viability and an 
increase in vulnerability”. This precision has much 
to support it, and in fact one might say that the 
advance of gerontological studies is to some extent 
dependent upon the use of a@ scientifically accurate 
nomenclature. The word ‘ageing’, which is often used 
synonymously with ‘senescence’, has a very much 
wider connotation and could include all the changes 
in the individual following conception and until 
death. 

In his book Dr. Comfort first provides an introduction 
and historical discussion. In this he devotes some space 
to that remarkable sponsor of the term ‘biological 
time’, Lecomte du Noiiy, who in 1936 devoted a good 
deal of thought to a discussion of the significance of 
physiological and physical time : “Everything, there- 
fore, occurs as if sidereal time flowed four times faster 
for a man of fifty than for a child of ten” and “‘a year 
. - - seems longer to a child’”’.... “Thus we find that 
when we take physiological time as a unit of com- 
parison physical time no longer flows uniformly”’.- Dr. 
Comfort takes a cue from these metaphysical cireum- 
locutions and adds to this system ‘‘alcoholic time’’, 
which he defines. as the apparent progress of a bottle 
towards emptiness as it appears to the alcoholic who 





1422 


drinks it. The author’s final conclusion about Du 
Noiiy’s discussion of time is that he “has gone down 
clutching a platitude and come up embracing a meta- 
physical system”. In other words, just as physiology 
suffered for hundreds or even thousands of years from 


the attempts by Pythagoras to apply the lore of 


number to it, so the study of senescence has long been 
bedevilled even to the point of “intellectual disaster” 
by this type of attempt to describe it in math- 
ematical terms. 

But it must not be thought that Dr. Comfort’s book 
is all metaphysical discussion ; far from it—there is 
(if one may be pardoned such a metaphor at this 
point) plenty of meat in it. There are sections on the 
nature and criteria of senescence, maximum longevi- 
ties among various animals, the maximum life-span in 
man, the distribution of senescence among vertebrates 
and invertebrates, senescence in Protozoa, the 
influence of genetic constitution on senescence and 
longevity, growth and senescence and the mechanisms 
of senescence. 

Dr. Comfort’s book is the most comprehensive 
review on the subject of senescence that has appeared 
since 1920. The publishers’ notice on the cover claims 
that it has been written to marshal information and 
suggest lines of investigation for the experimental 
attacks on old age. In my opinion it fulfils this aim, 
and it thus becomes an essential part of the book- 
shelf of anyone interested or working in the field of 
senescence—or even of ‘ageing’. G. H. BouRNE 


ENTROPIC ASPECTS OF 
INFORMATION THEORY 


Science and Information Theory 

By Prof. Leon Brillouin. Pp. xvii+320. (New 
York: Academic Press, Inc.; London: Academic 
Books, Ltd., 1956.) 6.80 dollars. 


HE theory of information has not been long in 

gathering a motley crowd of associates. Too 
often, in consequence, it has found itself vaguely 
identified with a wide variety of studies, for which in 
fact it serves merely as a new and useful tool. “Science 
and Information Theory”, by Prof. L. Brillouin, is a 
book calculated severely to redress the balance. For 
Brillouin, information theory means simply what 
might be called the statistical theory of ‘unexpected- 
ness’, developed chiefly by Wiener and Shannon for 
the purposes of communication engineering. 

The mathematical ‘unexpectedness’ or improb- 
ability of a signal, measured logarithmically, (log 
1/p), is directly related to the size of the most econ- 
omical code-symbol to represent it. The average 
unexpectedness (Zp; log(1/p;) ), over a long sequence 
of signals, indicates the minimum average number 
of code-symbols necessary for each signal-transmis- 
sion. Extremely important and illuminating coding 
theorems follow from this quantification of ‘unex- 
pectedness’ as the additive measure which has 
operational significance for the code-designer, and it 
is not surprising that it is termed the ‘amount-of- 
information’ in the signal. 

Unfortunately, as Shannon has been quick to 
point out, the improbability of a message need have 
no direct connexion with its logical content—with the 
number and complexity of the statements it makes. 
His measure is not, therefore, as Brillouin (p. 1) 
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would have it, a definition of information, but :nerely 


of the wnexpectedness of information. As @ :nathe. 
matical index of unexpectedness it can be applied, of 
course, to other things than messages—to sti.teg of 
thermodynamic systems, for example, in which 
context the same average measure has long bee, 
known under the name of entropy. The entr py o 
an under-specified system is numerically propo: tionaj 
to the ‘unexpectedness’ of the information w ich , 
complete specification would provide. 

It is this equivalence of entropy and ‘amo .nt oj 
information’ (in Shannon’s sense) which Prof 
Brillouin is chiefly concerned to trace in a wi 
variety of physical situations, including the my thical 
case of Maxwell’s ‘demon’. The treatment is lucid. 
rigorous and illuminating at many points; bit the 
persistent confusion of the concept of information 
with the unexpectedness of information leas 4 
unnecessary mystification at a number of poinis. 4 
particularly unconvincing example is the discussion 
(p. 155) of “free information’, as something he'd “iy 
the mind” and so “not directly connected wit! any 
physical system’’. Metaphysics has its proper })lace: 
but this is metaphysics misplaced. The ‘unexpected. 
ness’ which Shannon defined by Xp; log(1/p;) is no 
(contra p. 10) an absolute quantity, but a function, 
defined only in relation to a chosen distribution of 
prior probabilities or ‘ensemble’ of events. In 
physics the distribution may be fixed by the tempera. 
ture of the system; but in other contexts th 
probabilities may be determined quite otherwise, and 
the direct relation of Shannon’s measure to physical 
entropy disappears. Much of the mystery can bk 
removed if the reader will substitute ‘unexpected. 
ness’ for ‘information’ wherever the Shannon 
measure is discussed, and define the relevant ensemble; 
but one is left with the feeling that many questions 
would have been differently expressed had the author 
done the same. 

Having equated ‘Information Theory’ with 
Shannon’s theory of unexpectedness, Prof. Brillouin 
has to disclaim for it any interest in questions of the 
meaning and value of information. In point of fact, 
as the proceedings of three London symposia on this 
subject can illustrate, the general theory of informs- 
tion has a well-defined place for measures of descriptive 
information-content as well as of unexpectednes: 
The author does not appear to realize, for example, 
that the measure developed by Gabor, which he 
describes on p. 100, is precisely one of the measures 
of “structural information-content”’ (termed “‘logon- 
content’? by Gabor) for which later (p. 291) he find: 
no place. To talk of “inconsistencies” (p. 29] 
between these complementary measures is simply t 
reveal misunderstanding of their nature. 

As one might expect, the incidental expositions of 
fundamental physics throughout the book are mas- 
terly. It is gratifying, too, to find lucid accounts of 
work such as Mandelbrot’s on word-statistics, and 
recent developments in the design of error-correcting 
codes, included among the more conventional topics. 
Schouten’s name, on the other hand, is not men- 
tioned, despite the similarities between some of his 
ideas and Brillouin’s. 

This is a stimulating work—sometimes to insight, 
occasionally to exasperation. A novice seeking to 
learn the gist and drift of information theory may 
find easier introductions elsewhere; but for the 
student who wants to broaden and deepen his thinking 
in Prof. Brillouin’s chosen portions of the subject the 
book.is to be recommended. D. M. MacKay 
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The Dra'ning of the Fens 
zy Prof. H. C. Darby. Second edition. (Cambridge 
idies in Economic History.) Pp. xx+314+31 
lates. (Cambridge: At the University Press, 1956.) 


s. net. 


?EXHE second edition of this well-known work 

| follows sixteen years after the first. During that 
ine much has happened in the Fens. The floods of 
1947 and the threat of severe floods in them during the 
‘idal surge of 1953 are in the memory of most of us. 
Prof. H. C. Darby does not, of course, write at great 
length on these matters, since they are but recent, 
even if particularly severe, episodes in a long line of 
floods and threats of floods in the past; but in his 
final chapter he brings his discussion of the draining 
up to date. 

In other respects there are few alterations : 
minor errors are corrected, and the bibliography has 
been lengthened. It remains, as was recognized in 
1940, a first-class account of one of the most interest- 
ing areas in Britain. Prof. Darby writes perhaps 
primarily from the point of view of the historical 
geographer, and the briefest glance at the book will 
show how very familiar he is with his authorities ; 
but he has also made himself fully acquainted with the 
engineering problems which are so complex. I 
would have welcomed a rather more detailed discus- 
sion of his own views and those of Dr. H. Godwin on 
the lowering of the surface of the Fens, although 
there has been considerable modification made on 
pages 107-110 in the new edition. 

The request to review this new edition was welcome 
in that it gave an added reason to re-read the book. 
It is, and will long remain, the standard work on the 
subject ; and those who read it for the first time will 
not fail to be impressed by the extremely clear and 
scholarly way in which a highly complex subject is 
presented. It is a companion volume to the author’s 
“The Medieval Fenland”’. J. A. STEERS 
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Structural Geology for Petroleum Geologists 

By Prof. William L. Russell. Pp. x+427. (London : 
McGraw-Hill Publishing Company, Ltd., 1955.) 
56s. 6d. 


HIS book is exactly what its title indicates. It 

is designed to guide the student and to refresh 
the memory of the established petroleum geologist. 
These are busy men absorbed in their business and 
have little time or inclination to read anything 
unessential. Structural geology, however, is essential 
to the finding and winning of oil, and Prof. W. L. 
Russell has succeeded in providing a useful and 
readable book. General theoretical discussion is 
limited, but many well-chosen examples of structure 
are provided as illustrations. The author remarks 
that “‘petroleum geologists at the present time rarely 
get training in surface field mapping after being 
employed’’, and this tendency to do more work inside 
and less outside seems to be true in much American 
experience. It means that what used to be common 
daily observation when petroleum geologists were 
field men is no longer so, and reading a book like this 
occasionally will serve to keep a trusty weapon sharp 
and bright. 

A few bibliographical omissions have been noted. 
Hans Cloos is not mentioned in the account of 
structure models. J. W. Gregory does not appear in 
the historical reference to rifts. W. Q. Kennedy is 
left out of the list of literature on faults, although 
S. J. Shand’s adverse comment on his work is 
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quoted. M. I. Goldman’s magnum opus on Cap 
Kock (Geol. Soc. Amer., Mem. 50) is absent, although 
some of his lesser earlier papers are mentioned. 
Fig. 5-21, p. 134, is a puzzle ; but if it depicts a map 
of anything it is a horst and an anticline, not a 
graben and syncline. %& J. V. Harriso. 


Mass-Transfer Operations, 

By Prof. Robert E. Treybal. (McGraw-Hill Series in 
Chemical Engineering.) Pp. ix+666. (London: 
McGraw-Hill Publishing Company, Ltd., 1955.) 
71s. 6d. 


N this book Prof. R. E. Treybal has summarized a 
vast amount of up-to-date and valuable informa- 
tion on the basic principles of diffusion and mass 
transfer, the operations depending on them, and 
their application to the design of plant. He divides 
these operations into gas-liquid, liquid-liquid, solid— 
fluid, and those with miscible phases, and sub-divides 
them into humidification, gas absorption, distillation, 
liquid extraction, adsorption and ion exchange, 
drying, leaching, and “‘less conventional’ operations 
such as dialysis and thermal diffusion. 

The chapters on liquid extraction, adsorption and 
leaching are in many respects novel and deserve 
special commendation. Although the treatment is 
primarily theoretical, the author has recognized the 
danger of a succession of formulz becoming tedious 
(there are 144 under “‘distillation’”’) and has broken 
up the text by introducing large numbers of excellent 
graphs and numerous “‘illustrations’’, that is, worked- 
out problems. There are also many clearly drawn 
diagrams showing the nature of the plant in which 
the operations under discussion are conducted. The 
whole makes a most informative and _ readable 
book. 

One difficulty remains unsolved—the large number 
of symbols, still far from being standardized, neces- 
sary for the calculations. The author, in an endeavour 
to find a solution, has listed the notation for each 
chapter separately, but even this involves much 
turning over of pages during reading. With a new 
edition, which seems likely to be called for soon, the 
issue of & separate card with tables of symbols might 
well be considered. H. E. Watson 


Scientific and Learned Societies of Great Britain 
A Handbook compiled from Official Sources. 58th 
edition. Pp. 211. (London: George Allen and 
Unwin, Ltd., 1956.) 35s. net. 


HE second post-war edition of this compendious 
handbook, for which the British Council is now 
responsible, is on similar lines to the previous issues. 
Part 1 gives the names and addresses of research 
organizations administered by the Department of 
Scientific and Industrial Research, Medical Research 
Council, Agricultural Research Council and the 
industrial research associations, with a select biblio- 
graphy on the organization of scientific research. It 
also lists the principal scientific and learned societies 
and institutes in Great Britain under sixteen headings 
according to their fields of activity, with details of 
their objects, membership, meetings and publications. 
Names of officials of these societies are given in some, 
but not in all, instances. The title pages-of the 
various sections are not numbered, a practice which 
can be confusing in using a reference book. 
An index of subjects and societies completes the 
volume, which forms a most valuable reference 
source of British scholarship. 
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By BERNARD STONEHOUSE 
Falkland Islands Dependencies Scientific Bureau, London, and Edward Grey Institute of Field Ornithology, Oxford 


REEDING behaviour in king penguins (Apteno- 
dytes patagonica) has previously been described 
only from casual field observations (summarized by 
Murphy’ and others) and from records of captive 
birds*. Recent work on a subantarctic colony has 
shown that neither provides an accurate picture of 
the remarkable, possibly unique, breeding cycle 
followed by this species in natural conditions. From 
October 1953 until December 1954 a colony of five 
thousand breeding birds was studied in Ample Bay, 
Bay of Isles, on the north-east coast of South Georgia. 
Adults, juveniles* and chicks were banded for identi- 
fication and daily observations were maintained 
throughout a complete breeding season. 

Fig. 1 (A—B) shows the composition of a ‘typical’ 
king penguin cycle generalized from more than a 
hundred case-histories. 

After a period of fattening at sea, usually lasting 
one or two weeks, the birds spend between four and 
five weeks ashore undergoing a pre-nuptial moult. 
They fast during the moulting period, with a fall in 
weight from 20 kgm. to about 10 kgm. 

The moult is followed by a second fattening period 
at sea, which may take more than three weeks in 
early spring or less than two weeks later in summer 
when food is more plentiful. On their return the 
birds assemble in the breeding colony to begin 
courtship. At this stage males, weighing 15-17 kgm.., 
are slightly larger and heavier than females; the 
sexes can usually be distinguished on sight. 

Courtship normally occupies about three weeks, 
but may extend to five or six weeks. A site is selected 
in the colony (often near the site occupied by one or 
other partner in the previous season) and is defended 
against encroachment throughout the late courtship 
and incubation periods. A single large egg is laid and 

- held between abdomen and feet ; no nest is built. 

The incubation period is constant at 54-55 days. 
The first watch of 12-15 days is taken by the male ; 
later the parents incubate alternately in spells which 
decrease from 12 to 4 or 5 days as full term approaches. 

Chicks are fed by their parents through the winter 
and well into the following spring, usually for a total 
of 10-13 months after hatching. Well-fed chicks 
tended by diligent parents are ready for the sea 
before poorly fed chicks ; those which lose a parent 
during the year take longest to 
mature but succeed if their re- 


(A. forsteri) rears a single chick in 8-9 months, while 
gentoos (Pygoscelis papua) and adelies (P. ad: liae), 
like most other species of penguin, rear two )oung 
in less than six months. 

The king penguin may lay its eggs at any time 
from late November to mid-April, over a period of 
5} months of the year. A corresponding figure for 
the gentoo penguin in South Georgia is two mouths, 
for the antarctic species emperor and adelie less than 
@ month. Fig. 2 shows the annual duration of 
activities associated with breeding as seen in the 
South Georgia colony. The table was compiled and 
extrapolated from a single year’s records ; although 
other observations from South Georgia fit well into 
the framework, none is sufficiently critical to show 
whether or not a typical year is represented. 

Breeding begins annually in November, and two 
breeding categories may be distinguished. 

Early breeders are those birds which did not breed 
at all, or bred but failed to rear a chick, in the 
previous season. Most stay away from the colony 
throughout winter, although some appear at intervals 
of 3-4 weeks and associate with successful breeders 
in the colony. Early breeders undergo their pre- 
nuptial moult in September and October (Fig. 1, 4), 
re-appearing from November onward ready for court- 
ship. In 1953 and 1954 the first eggs were laid on 
the same date, November 25; by contrast, neigh. 
bouring gentoo penguins began laying three weeks 
later in the second season than in the first. Early 
breeders reach their peak of laying by mid-December ; 
most have begun incubating by the end of the 
year. 

Late breeders are birds which bred successfully in 
the previous season. Having fed their chicks through 
winter and early spring, they moult from late Noven- 
ber onward (Fig. 1, B) and the first begin courtship 
early in January. Late breeders reach their peak of 
laying by mid-February. Although large numbers of 
courting and incubating birds are present in the 
colony from November onward, the January influx 
of late breeders is clearly distinguishable. In 1954 
late breeders were estimated to outnumber early 
breeders approximately in a 3 : 2 ratio. Birds breeding 
for the first time are believed to form an inter- 
mediate group, laying early in January ; many pairs 
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The breeding cycle of this 
species cannot therefore be com- 
pleted within a year; it usually 
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extend over a year and a half. By 
comparison, the emperor penguin 


Fig. 1. A typical breeding history, showing the relation of breeding cycles to seasons 
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meal. The chicks are by this time 





Pre-nuptial moults 


covered with down 4-6 cm. thick, 
and are generally well able to 
withstand the prevailing cold 





Courtship 


weather. Growth, as measured 
by linear increases of beak, foot 





Incubation 


ee and flipper, is retarded or stopped ; 
the chicks lose weight at an 
average rate of 45 gm. daily 





Chick feeding 


between feeds, and from April 
until October there is an overall 








Chick moults 





Fig. 2. Duration of breeding activities in all pairs 


forming at this time showed indeterminate courtship 
patterns and inadequate care of their eggs. 

Early breeders deprived of their egg lay again with 
the late breeders; of marked birds in this category 
more males than females were successful in rearing 
their chick after the removal or loss of a first egg. 
The last of the late breeders begin courtship in early 
April (Fig. 1, C); their courtship is desultory and 
incomplete, seldom resulting in a well-established 
bond. In May, when the first snow-drifts of the year 
begin to form, all the remaining eggs are abandoned. 
At the same time, all the chicks still held by parents 
are left to join créches irrespective of their size ; 
those less than a month old are not strong enough 
to fend for themselves and may die within a week. 
Only those approaching full size at this stage are 
likely to survive the winter. Thus, although late 
breeders may lay their eggs as late as mid-April, 
observations suggest that only those laying before 
the end of February succeed in raising chicks. 

Fig. 3 shows the growth curve (weight/time) of a 
typical chick reared by an early breeder. Chicks are 
hatched with a covering of sparse down and are held 
closely on the parents’ feet for the first week. They 
are fed every three or four hours by the nursing 
parent; parents change watch at intervals of 4-7 
days. For the first 16-18 days the chicks increase in 
weight exponentially ; later, their weights fluctuate 
more as large feeds are given less frequently. Chicks 
stay close to their parents for more than a month; 
at 5-6 weeks they wander and congregate in créches 
which persist through the year from late February 
onward. The chicks at this stage are left by both 
parents, which return independently at intervals of 
about a week to feed them. Studies with banded 
birds showed that parents feed their own chicks 
exclusively, recognizing them primarily by sound 
and calling them out of the créche with distinctive 
‘call-signs’, to which only their own chick responds. 

By late April chicks of early breeders are almost 
as big as their parents and weigh 11-13 kgm. Those 
hatched later may reach similar weights in May, but 
usually remain slightly lighter. Much of the weight 
is due to visceral and subcutaneous reserves of fat, 
which are gradually lost during the winter. From 
May onward feeding becomes irregular, presumably 
as a result of food shortage at sea, and well-attended 

chicks may be fed only at intervals of 5-6 weeks. 
About 2 kgm. of food (triturated cephalopod of 
unidentified species) are delivered in two or three 
successive morning feeds; for the next week the 
parent continues to feed the chicks on a small quantity 
of mucus (less than 100 gm. daily) secreted in the 
crop. After staying ashore for 10-15 days the parents 
return to sea, re-appearing only to bring the next 





loss of about 5 kgm. per chick. 
Only those which reached an 
initial weight of at least 8 kgm. 
before May are likely to survive 
the winter. 

In October the parents begin to visit more fre- 
quently, and by November are again feeding their 
chicks at least once weekly. The chicks increase 
rapidly in weight; by December those with both 
parents surviving have re-attained or exceeded their 
autumn weights. The second fattening period is 
associated with renewed growth and increasing 
calcification in the bones; the chicks are brought 
almost to full adult size, although growth is main- 
tained throughout the juvenile (second) year. 
Juvenile plumage* appears under, and gradually 
replaces, the down. The first chicks enter the sea in 
December ; moults continue through January and 
early February, but chicks still in down after mid- 
February are abandoned by their parents and prob- 
ably are already dying of starvation. Healthy chicks 
whose parents are lost early in spring may moult 
successfully after starving for two or three months, 
and may enter the sea weighing 4-5 kgm., about half 
the normal weight for a well-fed chick at the end of 
its moult. 

The parents abandon their chicks independently, 
usually within three weeks of each other, and undergo 
a@ prenuptial moult. In two recorded cases, one 
parent continued to feed the chick while the second 
completed its moult and paired with a new partner. 
Asynchrony in moulting, and consequently in court- 
ship, generally ensures that successful parents of one 
season do not again mate with each other in the 
following season. 
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Fig. 8. Bi-monthly weights of a chick from hatching to onset 
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The problem of fitting a long breeding cycle into 
@ year divided by marked seasonal changes is faced 
by all large birds of high southern latitudes. The 
royal albatross (Diomedea epomophera)**, possibly 
also the wandering albatross (D. erulans), takes a 
full year to complete its cycle and breeds only in 
alternate years. Emperor penguins breed annually 
but are unique in laying their eggs immediately 
before mid-winter; the chicks lose their down 
precociously and are ready for the sea when the fast 
ice breaks in January and February’. The period in 
which their eggs may be laid is apparently restricted 
to about a month in all three species. King penguins, 
which can lay during November—February with every 
chance of rearing their young successfully, achieve a 
compromise in being able to raise two chicks in three 
years. _ Early breeders of one season, particularly 
those efficient parents which dispose of their chicks 
rapidly in spring, may become the successful late 
breeders of the second season. In the third season 
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they fail to breed, but start again as early b cede, 
at the beginning of the fourth. 

Several lines of evidence suggest that king p: iguing 
are once again increasing in South Georgia, «.1d are 
re-colonizing other breeding areas from whic : they 
were exterminated during the nineteenth c: atury, 
These investigations were made on behalf f the 
Falkland Islands Government, and a full a count 
will be published later in the series of Fi. ikland 
Islands Dependencies Scientific Reports. 


' Murphy, R. C., “Oceanic Birds of South America” (Amer. } us. Nat, 
Hist., New "York, 1936). 

* Gillespie, T. H., “A Book of King Penguins” (H. Jenkins, |.ondon, 
1932). 


VOL 178 


‘ Stonehouse, B., Tis., 98, No. 1 (1956). 

* Wilson, E. A., “Aves”. British National Antarctic Ex) edition, 
1901-4. 2. "Zoology. Pt. 2 (1907). 

? ee; L. B., “Sexual Behaviour in Penguins” (Univ, of ‘<ansas, 


* Sorensen, J. H., “The Albatross”. Cape Expedition S -ientific 

Results, 1941-5. “Bull No. 2 (1950). 

” Stonehouse, B., “The Emperor ag -w% (1) Falkland {slandy 
Dependencies Scientific Reports, . 6 (1953). 


NIKOLA TESLA (1856-1943) 


By E. J. HOLMGREN 
Canadian Armament Research and Development Establishment, Valcartier, P.Q. 


eee with scientific research conducted by 

teams rather than individual workers, the lone 
research worker who in flashes of genius ventured into 
the uncharted regions of science belongs to the past. 
One of the most remarkable, if not the most audacious, 
of these men was Nikola Tesla, many of whose ideas 
are now commonplace. 

Tesla was born a century ago at Smitjan, Lika, in 
Yugoslavia. He received his earlier education there, 
at the neighbouring town of Gospic and at Karlovac 
in Croatia, and it is said of him that even at this 
time he displayed unusual abilities in mathematics 
and science. In 1875 he entered the Polytechnic at 
Graz, graduating in 1878 and proceeding to the 
University of Prague for graduate work, which he 
completed a year later. 

At this time Tesla’s attention was attracted by the 

- invention of the telephone by Bell a few years earlier, 
and hearing of an exchange being built at Budapest, 
he proceeded to that city, and when the exchange 
was completed he was placed in charge of it and had 
soon patented a telephone repeater for use there. 
From Budapest, Tesla went to Paris and thence he 
emigrated to the United States—a step that was to 
lead to his greatest single achievement. For a time 
he worked with Thomas A. Edison in the latter’s 
New York laboratory, designing electric machinery ; 
but as Edison favoured direct current for all electrical 
applications and Tesla favoured his new theory of 
alternating current, the differences created forced 
Tesla to leave and proceed to Pittsburgh, where he 
received an offer from George Westinghouse, who as 
a rival of Edison was interested in the possibility of 
alternating current. 

It was here that Tesla’s theory of alternating 
current became reality. The principle of alternating 
current had been known for some time, but the 
problems of vibration and stalling of motors had 
baffled all. Tesla neatly solved the problem by 
replacing the single circuit hitherto used by several 
circuits carrying the same frequency but out of step 
with each other; in this way smooth running was 


achieved as in a multi-cylinder engine. With im. 
provements in the motor came the development of 
the alternating current generator and transformers. 

Legal troubles over patents in this field forced 
Tesla to leave Pittsburgh and return to New York, 
where he opened a private laboratory in which he 
carried out research in a variety of. aspects of elec- 
trical fields, including generation of high-frequency 
currents, transmission of energy over single wires 
without return, methods of conversion, oscillatory 
charges and mechanical vibration. - He described an 
electronic valve, but there the matter rested; it 
remained for Fleming and others to bring this to 
fruition. At one time he publicly demonstrated the 
control of a ship by wireless, and visualized (more 
prophetically than he may have then realized) future 
wars being fought by robots; although he saw his 
ideas as a benefit to mankind rather than for its 
destruction. At one stage he conducted a series of 
experiments in Colorado to prove the Earth a con- 
ductor, and about 1901 opened a laboratory on Long 
Island, where he conducted experiments into such 
phenomena as high-frequency oscillations and radio 
waves and discovered what are now regarded as the 
fundamental laws of broadcasting, although he did 
not actively enter the field. The Long Island labor- 
atory, however, closed in 1916 because of financial 
troubles. 

The only field outside electrical research in which 
Tesla actively engaged was in his development of a 
steam turbine ; but as the ideas of Curtis, de Laval 
and Parsons were by now firmly established, his idea 
never progressed beyond the prototype stage. How- 
ever, like Parsons, Tesla visualized the gas turbine. 

Tesla’s final years were largely given up to 
theoretical research, much of which was never com- 
mitted to paper. Financial difficulties forced him 
into retirement, and there can be little doubt that 
many secrets went with him to his grave when he 
died in New York, early in 1943. 

In retrospect, Tesla presents an enigmatic figure, 
who made a sudden appearance on the scientific 
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1e with one outstanding contribution to electrical 
.zineering and then to put forth many ideas which 
smed to lead nowhere. Undoubtedly his greatest 
»ntribution was his development of alternating 
icrent, with all its ramifications, as witnessed 
+ the pioneer station at Niagara Falls in 1896 
though he played no part in it), and above all the 
availability of electricity generated economically. It 
was @ crowning achievement in the astonishing 
development of electric power from its discovery by 
Faraday. But it is, after all, in his research in the 
realms of high-frequency current that his contribution 
remains baffling, for while he made what were later 
regarded as fundamental discoveries, he seldom 
brought any of them to reality and in some cases 
published nothing on them. The failure to do this 
can possibly be attributed to the non-existence of 
the research laboratory as we know it, and to the 
fact that the then infant electrical industry preferred 
to consolidate its gains in the light of tried ideas 
rather than embark on anything new. Then the 
sensational discoveries of Réntgen and of the Curies 
may have turned attention away from Tesla and his 
work. Finally, Tesla’s habit of almost always working 
alone may have had not a little influence on his work 
going unnoticed, for he was no teacher and so never 
was attached to a university, where he would have 
gathered around him a circle of brilliant young men 
who could have carried on his ideas and brought 
many of them to fruition. 
International acclaim came to Tesla, particularly 
as a result of his work on alternating current, and he 
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was invited to address learned societies both in the 
United States and Europe, among these being the 
Institution of Electrical Engineers in 1892. In 1893 
he received the Elliott G. Cresson Gold Medal of the 
Franklin Inst.tute for original work presented before 
the Institute. 

Although he left many of his ideas unpublished, 
Tesla was a prolific writer and a holder of many 
patents. Two of his books on high-frequency currents 
and on his other researches reveal his stature as a 
scientist, for here he describes complex phenomena 
that have only recently become to be understood. 
But if Tesla aspired higher than his era was prepared 
to accept, it must be stated that he aspired in the 
finest sense, for as he said in London at the Institution 
of Electrical Engineers in 1892, his aim was ‘‘to 
advance ideas which I am hopeful will serve as start- 
ing points for new departures”. In this he was 
successful. 

Nikola Tesla may be likened to an explorer who 
reaches the summit of an unconquered peak and then 
waits for a support party to consolidate his newly 
found gains. That done, he proceeds to survey the 
unmapped untrodden territory beyond and to report 
on it; but those who follow must often spend much 
time wandering, often aimlessly, in these realms ere 
they rediscover their secrets, often without recog- 
nition of the first discoverer. Perhaps these are the 
misfortunes of the idealist ; yet the apparent idealist 
is he who often points the way for others, and therein 
is the secret of the noble aspirations and greatness of 
Tesla. 


THE APICAL MERISTEM 


By Pror. C. W. WARDLAW 
Department of Cryptogamic Botany, University of Manchester 


THOUGH the vegetative shoot apical meristems 
of vascular plants show very evident differences 
in histological organization, they all give rise to a 
vascularized leafy axis. That such apices have some 
organogenic property in common thus presents itself 
as an inescapable fact'. There is therefore a need for 
concepts that will have a general application to 
apices, irrespective of their histological patterns. 
During recent years a group of French botanists, 
under the leadership of Plantefol* and Buvat', 
have been active in histological investigations of 
vegetative (and floral) meristems of vascular plants, 
this work having been stimulated by a new theory of 
phyllotaxis by Plantefol. Among their main con- 
clusions, the following are of special interest: (1) 
Leaf primordia originate in a superficial ring of 
actively meristematic tissue, described as the anneau 
initial (initial or initiating ring), which is situated 
around the base of the inert, or relatively inert, distal 
apical zone. This meristematic ring is regarded as a 
self-perpetuating embryonic tissue. It is held to be 
the true vegetative meristem, which would, therefore, 
be sub-terminal and lateral, and not distal as has so 
long been thought. The most distal zone of the apex 
is thus considered to be unimportant in histogenesis 
and to have no effective part in organogenesis during 
the vegetative phase. (2) The inception of leaf pri- 
mordia in the meristematic ring is part of the theory 
of phyllotaxis proposed by Plantefol*. This states 


that the phyllotaxis of most plants can be referred 
to a small number of foliar helices. At the extremity 
of each of these, in the meristematic ring, there is a 
generative centre which gives rise to all the leaf 
primordia on that helix. The activities of the several 
generative centres are harmonized by an organizer 
which is present in the apex. A generative centre is 
held to be a physiological, rather than a recognizable, 
morphological unit. While some investigators®® 
claim that the theory has been verified by experi- 
mental treatments of the apex, others’-* have 
expressed or implied disagreement with it. 

In a contemporary monograph from the French 
school, Camefort*® has taken up my point about the 
need for general concepts relating to the shoot apex’, 
and has suggested that a meristematic ring (anneau 
initial) may perhaps be present in the apices of all 
vascular plants. He has, moreover, suggested that, 
within this concept, it may be possible to interpret 
the structural differences in the apices of Spermato- 
phyta. He points out that the difference in activity 
between the allegedly inert apical zone and the 
meristematic ring may vary according to the species. 
Where this difference is profound, as in some gymno- 
sperms, for example, in Picea, the distal region tends 
to be homogeneous and a tunica is absent ; where it is 
less pronounced, as in the angiosperms, a tunica is 
present. In his view, the absence or presence of a 
tunica is thus associated with a more or less pro- 





1428 


nounced difference in activity between the apical 
region and the meristematic ring. Where the summit 
of the apex is histologically heterogeneous, as in 
Taxus, Ginkgo, and Cedrus, the superficial cells are 
cytologically less inert than the underlying ‘central’ 
cells. The histological patterns in such apices could 
be regarded as being intermediate in character between 
angiosperms (with a tunica), and those gymnosperms 
which have a homogeneous distal region. In all this 
diversity of apical construction, says Camefort, the 
presence of a meristematic ring is the permanent, 
fundamental fact: the homogeneous meristem, the 
heterogeneous meristem and the stratified meristem 
are indicative of successively smaller differences 
respectively between the activity of the meristematic 
ring and the apical zone. 

Camefort has undoubtedly put forward an interest- 
ing generalization which deserves to be more fully 
investigated. In 1953, I? had already indicated that, 
in attempting to understand the characteristic 
histological organization of any apex, the size and 
metabolic properties of the embryonic cells, and the 
distribution of growth in the apex as a whole, must 
be considered. Also, although the French workers 
have stressed the activity of the meristematic ring 
and its importance as the site of leaf inception, this 
idea is not in itself new. Already, in 1936, Schoute!? 
had advanced the idea that the apex consists of several 
physiological zones, or levels, which in my** termino- 
logy and conception would include, in basipetal 
sequence : (1) the most distal region, which, in ferns, 
would include the apical-cell group; (2) the sub- 
distal region in which the patternized distribution of 
metabolites associated with the inception of growth- 
centres takes place; (3) the organogenic region in 
which the formation of primordia from the growth- 
centres can be observed; (4) the sub-apical region 
in which conspicuous enlargement takes place ; 
(5) the region of maturation. The meristematic ring 
of the French school would comprise regions (2) and 
(3). The inertness attributed to the most distal 
region is, it need scarcely be said, a very controversial 
matter and has already been the subject of 
criticism}*-16, 

The morphological phenomenon of greatest general- 
ity is that the shoot apices of almost all vascular 
plants give rise to regularly spaced leaf primordia. 
This, of course, has long been recognized. The 
observation, however, acquires a new importance if 
it is restated with reference to the antecedent and 
underlying physiological processes, namely, that in 
the peripheral tissue of the sub-distal region of all 
apices, in which the embryonic cells are seemingly 
homogeneous, a patternized distribution of meta- 
bolites apparently takes place. This results in the 
accumulation, concentration, or formation, in more 
or less well-defined and characteristically spaced loci— 
often described as growth-centres—of substances 
actively involved in growth and cell division. Turing?” 
advanced a physicochemical theory to explain how 
@ pattern of metabolites might be brought about in 
an embryonic tissue in which the substances were 
initially more or less homogeneously distributed, and 
[131819 have suggested how this, or some similar 
physicochemical theory, might apply to very diverse 
organogeuic and histogenic developments in plants. 
Turing, moreover, postulated that quite differently 
constituted reaction systems may nevertheless give 
rise to closely comparable morphogenetic patterns. 
If this concept can be shown to be valid, it will 
evidently go a long way towards explaining the many 
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parallelisms of development (or homologics o; 
organization) to be observed in plants. In particular, 
it will have an important application to the ¢ »nera| 
phenomenon of apical activity now under considera. 
tion. The growth-centres, however we may explain 
their origin, usually grow out as localized mounds 
on the surface of the apex and develop as dorsivontra| 
leaf primordia. It is a very remarkable faci, and 
again one of very wide generality, that, in :niero. 
phyllous and megaphyllous species alike, the primor. 
dium at its inception is multicellular and comprises 
both surface and sub-surface cells. Even the very 
small, non-vascularized, scale-like microphylis of 
Psilotum are covered by this general state: ent, 
In the angiosperms also, the different organs cf the 
flower all have their inception in similar multi- 
cellular growth centres. 

It is relevant to inquire to what extent the general. 
ization that all shoot apices have the inhcrent 
property of giving rise to foliar primordia is borne out 
by the fossil evidence. Here we come upon a very 
remarkable state of affairs, remarkable not because 
the evidence has been neglected by botanists, but 
rather because concentration on, and perhaps over. 
emphasis of, the inferences that can be drawn trom 
it from one point of view, seem to have obscured 
other not less valid inferences. Thus, the ancient 
Psilophytales, in particular such organisms as the 
leafless species of Rhynia, have been accepted by 
many botanists both as affording an evident basis 
for the phylogenetic treatment of the vascular plants, 
and as providing essential evidence relating to the 
evolution of the leafy shoot. The discovery of 
Palzozoic plants, with a bifurcating, leafless and 
rootless axis, such as Rhynia, has enabled morpholo- 
gists to envisage a ‘prototype’ or ‘archetype’ from 
which the more advanced classes of vascular plants, 
all characterized by leafy shoots, might have origin- 
ated. But, on the evidence, entirely leafless vascular 
plants, whether on the ‘evolutionary upgrade’, or as 
the result of ‘reduction’ from some leaf-bearing 
ancestor, appear to be very rare. The only com. 
pletely leafless vascular plants known to us belong 
to the Psilophytales, for example, species of Rhynia, 
Horneophyton, Zosterophyllum, etc. Other species 
considered to be of this affinity, however, had an axis 
covered with evident microphylls, for example, 
Asteroxylon mackiei and others had small scale-like 
lateral organs. The very ancient fossil, Baragwana- 
thia longifolia, of Silurian age, had an axis with abun- 
dant microphylls. Many vascular plants, contem- 
porary with the Psilophytales, but belonging to other 
classes, are known, and these all had leaves. It is 
therefore an open question whether the entirely 
leafless genera of Psilophytales were not exceptional 
in their organization, rather than archetypic of all 
other classes of vascular plants as has so often been 
assumed or implied. Indeed, the possibility that they 
may have been reduced forms in relation to special 
environmental conditions cannot be excluded*®*'. 
The existence of other classes of vascular plants of at 
least the same antiquity as the Psilophytales, all 
characterized by foliar development, widens the 
scope of the generalization under consideration. 
Lastly, without entering into details, it may also be 
noted that in the gametophytes of mosses, and in 
some of the larger brown algae, organized apical 
meristems are present which give rise to regularly 
spaced lateral organs. 

As we have seen, the importance attributed to the 
meristematic ring in organogenesis derives from 
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Plantefol’s phyllotaxis theory of multiple helices. 
According to the theory, each leaf-generating centre 
moves acropetally (by some mechanism not explicitly 
specified) along a helical path in the apex. Its actual 
location is in the meristematic ring where, from time 
to time during the growth of the apex, it gives rise to 
leaf primordia**. The majority of dicotyledons are 
considered to have two foliar helices, these having 
their beginning at the inception of the two cotyledons ; 
and if there are three cotyledons, then there are three 
helix-generating centres. As an apex enlarges during 
the ontogenetic development, the number of helices 
may increase, this being attributed by the French 
workers either to the formation of two centres from 
an orginal centre or to the intercalation of a new centre 
between two existing ones. 

Thus, as I understand the theory, in order to 
account for the inception of the several helices, it is 
necessary to assume that a pattern of growth-centres 
can originate spontaneously in the apex, beginning 
with that of the embryo. As I have attempted to 
show, and have indeed emphasized, this property, or 
functional activity, of apices is a phenomenon of the 
widest generality in plants. It is particularly evident 
in the embryos of species of Pinus, for example, 
P. ponderosa, where, in direct relation to the size of 
the apical meristem, 6-16 evenly spaced cotyledon 
primordia originate simultaneously in a ring around 
the meristem, there being no pre-existing lateral 
organs to exercise regulative effects of any kind. 
Again, in Rubiaceae such as Galium aparine, and in 
species of Equisetum, etc., the ontogenetic develop- 
ment is characterized by an increase in the number of 
foliar members at successively higher nodes. These 
and many other instances afford evidence that 
characteristically spaced growth-centres are determ- 
ined by factors inherent in the apex, this, in my 
view, being one of the basic and essential features of 
the organogenic development of the leafy shoot. 
Where leaf primordia are already present, the 
morphogenetic situation in the apex is much more 
complex. Observation and experiment indicate that 
the positions of growth-centres (and of the primordia 
to which they give rise) are affected by the young 
primordia which surround the apical meristem, a new 
primordium typically originating above and between 
two adjacent primordia’. It is also relevant to note 
that primordia always originate in the apical meristem 
at some characteristic distance below the extreme tip 
(or centre). This distance varies with changes in the 
size of the apex during the ontogenetic development, 
and it can be modified in characteristic ways by 
various experimental treatments. The overall organ- 
ization of the apex, and the integrated physiological 
activities of its component regions, must, therefore, 
also be given due consideration in the analysis of 
organogenesis and phyllotaxis. 

{t will be noted that while ideas relating to growth- 
centres, or to the helix-leaf-generating centres of 
the French school, may be stated in different terms 
according to the individual investigator’s approach, 
there appears to be a considerable measure of agree- 
ment on several points, notably, that growth-centres 
have a real existence as loci of special physiological 
activity, that they are formed at some characteristic 
distance below the tip of the meristem, and that they 
are characteristically spaced around the apex. In my 
view, however, a growth-centre is a discrete physio- 
logical unit occupying a particular position in the 
meristem, so that there are as many growth-centres 
as there are leaves, whereas in Plantefol’s theory, each 
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leaf-generating centre retains its pristine physiological 
properties and moves acropetally around the apex, 
giving rise at intervals to leaf primordia. The latter 
collectively constitute a foliar helix. 

Snow’*## has shown that the theory of multiple 
helices is open to criticism on several grounds. We 
may also note that Plantefol’s theory brings its own 
difficulties when he attempts to explain floral onto- 
genesis* ; for whereas the sepals are regarded by him 
as foliar members arising on the vegetative helices, 
the petals, which in many flowers also have the form 
and structure of leaves, are considered not to be homo- 
logous with leaves but organs sui generis. Camefort*® 
has not attempted to answer Snow’s criticisms, and, 
indeed, states (p. 102) that the only causal theory of 
phyllotaxis that attributes a direct role to the 
vegetative apex in the positioning of leaves is that of 
Plantefol. In this, he appears to overlook the results 
of experimental investigations in which the self- 
determining nature of the apex in organogenesis has 
been demonstrated and duly emphasized**-8, as well 
as views based on Turing’s theory!*!?-19, 

When considered in terms of the underlying physio- 
logical mechanism, the theory of multiple helices 
raises new problems of great complexity. This, or 
course, is not in itself an argument against the theory, 
and, indeed, we may recognize that the investigation 
of apical organization and organogenesis not only 
bristles with difficulties, but also that these may well 
increase rather than decrease with new accessions of 
knowledge. As I have indicated above, the postulated 
acropetally moving leaf-generating centres of the 
French school must have their beginning in a pattern 
of growth-centres. If, therefore, the concepts (a) of 
the inception of discrete growth-centres in the sub- 
distal region, as determined by genetical and other 
factors and relationships, (6) of the regulative effects 
of existing primordia on new ones, and (c) of the 
functioning of the shoot apex as a regulated and 
integrated whole, are taken together, the theory of 
phyllotaxis advanced by Plantefol appears to be 
unnecessary, while the new facts ascertained by the 
French workers can be assimilated to other views on 
apical growth and organization. 
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TECHNOLOGY OF ANCIENT GLASS AND METAL 


HE general theme chosen by Section H (Anthro- 

pology and Archeology) of the British Association 
for the Sheffield meeting was entitled ‘“I'echnology 
of Ancient Glass and Metal’. 

Dr. D. B. Harden, in discussing ‘‘Ancient Glass 
Furnaces’, complained that the archzological evi- 
dence is very poor. Sir Flinders Petrie recorded 
an Egyptian furnace dated to 1350 B.c., and in 
general the Near East seems likely to produce valuable 
material, as it has done in the past. But, in north- 
west Europe, there is scarcely any evidence earlier 
than a.p. 1000, and most of the data refer to much 
later periods. This situation is in strange contrast 
to the many pottery-making sites of various periods 
which are known. Our knowledge of ancient glass- 
making still depends too much on documentary 
sources such as -Theophilus and Agricola. The 
discovery of a Late Saxon glass-working site at 
Glastonbury Abbey in Somerset last year is therefore 
important. Mr. Ralegh Radford has to date found 
remains of two.furnaces there, as well as fragments 
of furnace pots with glass adhering and evidence of 
glass-blowing. The furnaces appear to have been 
built on a mortar floor laid in a pit, and against the 
clay sides of the pit. The upper parts were probably 
domed over with clay stiffened by re-used Roman 
tiles, and buttressed with stones. It seems that 
heat was supplied by external fires piled over the 
roof. The smaller of the two furnaces was possibly 
for annealing, and the larger for the pots. 

Prof. W. E. S. Turner, in reviewing our knowledge 
of “Raw Materials and Composition of Ancient 
Glasses’’!, directed attention to the constancy of 
recipes with regard to the main constituents: sand 
(or crushed silica rock) and ash (or glassmaker’s 
salts). By 1700 B.c., the time of the earliest known 
reference, glassmaking was well established in Baby- 
lon: four different glazes are described, containing 
saltpetre, lime, copper, lead and, as the main con- 
stituent in each instance, a glass of which no details 
are given. Although lead occurs in this recipe, fewer 
than 10 per cent of 500 glasses analysed, ranging from 
1500 B.c. to A.D. 1700, contained more than 0-5 per 
cent of lead oxide. The great majority were of the 
alkali — lime — magnesia —alumina-—silica type. Lime, 
again, appears in the Babylonian text but the quantities 
(from & to 12 per cent) found by analysis in ancient 
glasses are far greater than any prescribed. In 
general, the composition of the glasses is very 
complex; ten to twelve constituents were found 
in many of the earliest specimens. 

Alkali is first noted on Assyrian tablets of the 
seventh century A.D., as ash from the plant Salicornia. 
Soda could have been obtained from the natron lakes 
of Egypt or, with potash, by burning plants or trees. 
Coastal or desert plants give more (reactive) soda 
than potash, inland plants more potash, and all types 
also have lime and magnesia in their ash, in some 
cases (for example, beechwood) more of these than 
of the alkalis. Until the Middle Ages, glass always 
contained much more soda than potash. 

Lime would enter glass also with the sand, where 
it can be present as shell detritus in amounts larger 
than 10 per cent. Similarly, magnesia and alumina 
would be transferred in quantity, and the lowest 


iron oxide content of eight samples of sand ‘rom 
possible glassmaking sites was found to be 0-1: per 
cent. 

Lead glasses were mainly opaque and coloiired, 
Large quantities of barium have been foun in 
Chinese beads of about 200 B.c. but in no other «ase, 
Black glasses coloured with iron oxide are known 
from the second century B.C., and manganes» js 
common even in early specimens, sometimes excee ling 
5 per cent. The earliest coloured glasses are biue ; 
usually copper, but sometimes cobalt, is found tv be 
the cause, throughout the whole period. Cup/ous 
oxide (up to 12 per cent) is present in the sealing- wax 
red glasses. Antimony occurs occasionally but 
arsenic scarcely ever, and then only in traces. 

“The Analysis of Ancient Glasses’? was considered 
by Mr. E. M. Jope who, like Prof. Turner, stressed the 
difficulties involved in, and yet the necessity of, 
carrying out complete chemical analyses. Even then 
the results give no indication of the intentions of the 
ancient glassmakers, although we can judge their 
powers of selecting raw materials and their knowledge 
of colouring agents. In order to appraise their skill 
we must, furthermore, know the workability of their 
material. The development of quantitative spectro- 
metry in this connexion would greatly benefit 
research despite the limitations of the method. 

For example, copper is easily incorporated into 
soda glass, the cupric ion giving a green or blue colour 
according to the value of the soda/silica ratio. On 
the other hand, cuprous oxide presents considerable 
difficulties: if about 10 per cent is present in glass 
frit it can give either the desired red, opaque enamel 
or glass, or a colourless or faintly green glass, according 
as the temperature is kept below, or allowed to rise 
above, about 1,030° C. ‘The presence of lead in such 
red glasses, as early as the second millenium B.C. in 
Egypt, suggests that its fluxing value was already 
appreciated at that time. 

Similarly lime, alumina and magnesia affect the 
properties in various ways. The composition is thus 
@ precise index of the problems of the ancient glass- 
worker, and the manner of their solution, in making 


some of the remarkable pieces which have survived. - 


The greatest achievement was clearly to bring high 
enough temperatures to bear precisely where required, 
and to carry out a complex operation rapidly in the 
short time available. The excellence of some ancient 
techniques can be fully realized, however, only when 
one tries to copy them using the primitive means 
then available. 

Mr. Jope briefly discussed the analytical values 
required and the methods which were suitable and 
available. It is important to know the refractive 
index and the softening and hardening range. The 
study of residual strains with the polariscope is 
profitable in the case of complicated work such as 
applied decoration. Newer techniques seem promis- 
ing, especially when automatic and comparatively 
rapid or extremely sensitive, but the X-ray fiuores- 
cence method, for example, is not applicable to the 
study of sodium and potassium content for which 
flame photometry remains most useful. 

These methods were also listed as aids in ‘A 
Technological Research Programme on Ancient 
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class’ by Mr. Ray W. Smith, whose paper was 
read by Dr. Harden. Other techniques briefly 
deseribed included X-ray diffraction and neutron 
wtivation, with examples of their successful applica- 
Lion to problems of decay and composition. Micro- 
«opie examination will elucidate stains and imper- 
fections, and manufacturing techniques in general. 
rhe study of bubble patterns will be an important 
factor. Although quantitative chemical analysis 
remains the most reliable method, spectroscopy has 
become an invaluable aid. X-rays appear to darken 
glasses, giving a smoky or even markedly purple 
tinge, but this is temporary and moderate heat 
removes it quickly. 

Mr. Smith’s programme suggests the collaboration 
of properly equipped laboratories all over the world, 
with the aid of adequate subsidies, on a long-term 
project for clarifying the composition and properties 
of ancient glass. After a preliminary phase when 
methods are critically examined, a selection of the 
most useful techniques is to be generally accepted so 
that results can be compared. The first phase of the 
work will determine the general nature of a number 
of specimens from well-known areas and periods. 
This will establish about a hundred normal, ‘stan- 
dardized’ groups classified according to age and 
location. The second phase is to study raw 
materials, particularly major constituents and 
such of the minor elements as appear to be dis- 
tinctive. 

The third phase will collect deviations from the 
norm and examine special aspects. The whole project 
is designed to produce a set of criteria for dating 
glass on technological grounds. 

In the course of the discussion, Dr. E. T. Hall 
said that the Research Laboratory for Archzology, 
at Oxford, is prepared to consider constructive 
proposals about analysis of glasses. In each case 
there will have to be a definite research problem, and 
a scheme of work together with full discussion is 
required. 

Prof. W. G. Fearnsides began the session on ancient 
metal with a paper on the “Distribution of Metalli- 
ferous Ores” in the British Isles. At the start of 
the Bronze Age the dense vegetation cover made 
mineral discovery difficult except on steep slopes, 
cliffs and beaches. The distribution of finds shows 
an obvious preference for chalk hills, limestone 
plateaux and gravel terraces, and bears little relation 
to the pattern of metal-bearing areas. 

The Trias sandstones of Alderley Edge are the 
youngest deposits to have been exploited for copper. 
In the Carboniferous Limestone cliffs and caves 
along the Derwent valley, the North Wales coast 
and inland to Oswestry, numerous lead veins are 
accessible, in some places also copper and zinc; and 
very early lead workings are known in the limestone 
dales of ‘West Yorkshire, in high Teesdale, and in 
tributary valleys of the Tyne. Lead is similarly 
present in limestone around the South Wales coal- 
fields and the Forest of Dean (with iron), and in the 
Mendips (with zinc and silver). 

By far the richest area lies in a ten-mile wide belt 
stretching from west of Penzance to east of Tavistock ; 
here veins from Cornish and Dartmoor Carboniferous 
granites cut across Devonian sediments. Having 
escaped glaciation, this area presented to early man 
a typical weathered surface rich in coloured and 
easily accessible deposits, similar to conditions in 
Spain and the Middle East, and quite different from 
Wales and most of Ireland. Also, a large quantity of 


No. 4548 


NATURE 


1431 


heavy minerals including tin had been washed into 
river valleys by Tertiary weathering. 

There has always been much more copper than tin 
in this area. The enrichment zones could have 
produced all the copper and alloying metals found in 
British early bronzes. But Prof. Fearnsides’ practical 
experience has convinced him that it would be 
impossible here to hand-pick even a hundredweight 
of ore which would smelt to a Bronze Age alloy of the 
proper proportions. He feels sure that for centuries 
before any tin bronze was made in Cornwall, there 
was export of Cornish alluvial cassiterite to metallur- 
gically more advanced centres in the Mediter- 
ranean area and Middle East. No tin occurs in 
Wales, the Lake District or Scotland, and very little 
in Ireland where, however, some bright weathered 
copper deposits could have been seen and got without 
much digging. 

The iron ores first used were evidently clay iron- 
stones from the Lower Cretaceous Wealden forest 
area in Kent and Sussex, some of the Jurassic 
weathered oolites (that is, limonites) outcropping 
under Oolitic Limestone between Oxfordshire and 
Lincoln, Lower Lias south of the Humber, and 
Middle Lias of the Cleveland Hills—all low-grade 
deposits but more manageable than better ores. 
There is evidence of working, in all the cases men- 
tioned, by Roman times, when also hematite in the 
Carboniferous Limestone of the Forest of Dean and 
the Vale of Glamorgan, near Barrow-in-Furness and 
in Cumberland was used on a large scale. 

Prof. F. C. Thompson next dealt with ‘Mining, 
Extraction, Refining and Casting”’, mainly of copper, 
and the production of alloys. Antler picks and 
wooden shovels would be sufficient for mining soft, 
weathered deposits; in other cases, fire-setting 
(alternate heating and water-quenching of an ore 
face) is known to have been used in 2000 B.c. The 
advantages of concentration by hand-picking, crush- 
ing and washing would have been seen quite early. 

Simple carbonate ores are directly reducible by 
heating with charcoal at a dull red heat ; lead, also, 
is easily obtained in this way whereas iron and tin 
are more difficult ; this explains why copper was the 
first metal obtained by smelting. Copper approaching 
native metal in purity can be obtained from car- 
bonates, but the spongy mass produced is not easy 
to deal with until melting is achieved ; this requires 
some form of blast. ; 

Sulphide ores are first roasted in air; although 
this may be done on a simple platform of fuel and, 
once started, is self-continuing, success requires 
skilful and constant control. Simple sulphide ores 
are thereby converted to the oxide which, like the 
carbonate but not the sulphide, is reducible with 
charcoal. Complex sulphide ores usually contain 
much iron, which must be removed completely, as 
well as arsenic, antimony, zinc, nickel, etc., which 
will enter the copper metal in proportions depending 
on conditions.’ Arsenic and antimony, for example, 
are partly volatilized on roasting, but their higher, 
more stable oxides will also be formed, and will 
afterwards be reduced with the metallic oxides. 
There is thus no direct correlation, for such impurities, 
between the contents in an ore and in the metal 
obtained from it. Far too much importance has 
been attached by archeologists to variations in 
composition which are often only to be expected 
from normal practice in early times. 

Roasting replaces sulphur by oxygen, which on 
smelting preferentially attaches itself to the iron, and 
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the resulting iron oxide can be 
slagged off by adding sand to the 
molten mass. If much iron is 
present, the roasting and smelting 
may have to be repeated several 
times before the final product is 
free enough from iron, can be dead- 
roasted to copper oxide, and finally 
reduced with charcoal to the metal. 
But all the operations are well 
within the means of primitive man, 
and it is obvious that sulphide 
ores were smelted successfully be- 
fore 2000 B.c. 

As the quality of ores deterior- 
ated, impurities in the metal in- 
creased, but sometimes also gave 
a product that was harder and 
easier to cast. This gradually led to deliberate 
alloying attempts, as for example in an object 
with about 7 per cent of arsenic and all other im- 
purities less than 0-05 per cent, and ultimately in 
the true tin bronzes. 

At a certain stage there is a change that suggests 
the use of fire-refining which, with poleing, could 
make copper from impure ores as pure as that won 
from hand-picked malachite. The pure tin bronzes 
of this and later periods could have been made 
only by smelting tin ore with such refined copper and 
not, like earlier bronzes, from mixed ores. 

Mr. H. Maryon followed with an account of the 
development in the “Fashioning of Metal Arte- 
facts’”*. Observation of the earlier mobility of some 
(that is, the more impure) metals during a melting 
run may have suggested the process of soldering. 
Hard soldering (above 550°) dates back to 3400 B.c. 
and was common practice in Ur; soft soldering was 
known before 2500 B.c. Extremely fine granulation 
work was produced by the Greeks and Etruscans in 
the sixth century B.c. Often wrongly described as 
‘welded’, non-ferrous metal joints were invariably 
soldered, with the exception of a set of small gold 
boxes (Early Iron Age) showing cold lap welds. 
Repairs were often made by ‘burning (or running) 
together’: the fracture was, in effect, enveloped in 
a clay mould and fresh metal was cast on. 

The oldest metal statues were made of copper 
sheets either riveted or nailed to wooden cores, and 
riveting was also common in domestic ware and for 
decoration. Bowls were made from early times by 
sinking (hammering on the inside) or raising (from 
thin sheet by hammering on the outside), and there 
are thousands of early examples of repoussé, chasing 
and engraving, as well as of work done with tracer or 
punch, or in high relief. All these processes require 
much annealing and the products show that this was 
well understood. Other methods of decoration were 
‘inlay’, that is, the tracing of a recess into which a 
piece of another metal was inserted and fixed, and 
‘overlay’, which involves attachment by cold flow 
to a surface that is merely roughened and not 
recessed. 

Ferrous (true) welding is in evidence from the 
beginning, as in a tiny model head-rest of Tutank- 
hamen (1360 B.c.). Warriors of Asshur-nazir-pal had 
iron swords (ninth century B.c.), and the Luristan 
finds (1200-900 3B.c.) show some steel containing 
0-5 per cent of carbon, demonstrating that forging 
and carburization developed quickly. Ultimately 
welding also camg to be used successfully in massive 
structures such as the Colossus of Rhodes (280 B.c. ; 
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Fig. 1. Modern pattern-welded sword: experiment No. 7. (See “Technology of 
Ancient Glass and Metal”: contribution by J. W. Anstee) 


74 tons of iron frame) and the Delhi pillar (a.p. 310; 
6 tons), as well as in delicate work, involving the 
‘piling’ of many sheets into a composite laminate, 
and developing into pattern-welding. 

Mr. H. W. M. Hodges, in his ‘‘Studies of Ancient 
Metal-working Techniques’, put forward evidence 
suggesting the influence of other technologies in the 
Bronze Age, with examples from Northern Ireland. 
The finishing of sandstone or steatite moulds harked 
back to Neolithic stone working, and the form of cast 
implements was dictated by the limitations of carving 
in stone. Clay moulds usually consist of an inner 
(fine) and outer (coarse) sheath. Particle size and 
mineral analysis of moulds (for swords) found in 
Lough Eskragh has shown that the clay in both 
sheaths came from the same deposit, but that the 
inner sheath had been made of levigated material, 
as used in making slips and thus showing the potter's 
hand. The patterns for such moulds were often made 
of wood (as found at Tobermore, Co. Derry). Wood 
grain is evident in some bronze implements, and 
casting is here dependent on wood-carving technique. 
Casting in two-piece moulds made of bronze, and 
running-on, appear to owe nothing to other tech- 
nologies, although bronze shields and early cauldrons, 
for which there are no bronze prototypes on the 
Continent, may be copies of leatherwork. 

Mr. J. W. Anstee described a series of nine experi- 
ments to determine the essential features of a method 
of making ‘“‘Pattern-welded Iron Swords’’. All the 
work was carried out single-handed under primitive 
conditions, using a small forge with Chinese-type 
box bellows, hammer, tongs, vice and a crude anvil. 
Supplies of home-made charccal were insufficient 
(about two hundredweight would be required for one 
sword) and coke was used in all cases except three. 

The first six experiments served to eliminate 
various points of technique as being impossible or 
unnecessary. No. 7 produced a specimen sword in 
which the various stages were left unfinished to show 
the details of the method (Fig. 1). No. 9, a similar 
but fully finished sword, was produced as follows. 
Three rods of ood, Victorian wrought iron, each 
0-22 in. in diameter, were forged out into strips in 
which the ratio of width to thickness was 9:1. The 
strips were laid flat one on the other and forge-twisted 
into a two-start screw, two ‘filler rods’ of square 
section being at the same time incorporated into the 
valleys. The resulting composite bar was flanked on 
either side by a straight packing rod, and by another 
composite bar of opposite twist the units of which 
had undergone a home-made case-hardening treat- 
ment. This assembly was forge-welded together, 
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using @ sliding wire-clip and proceeding in inch-heats, 

, give a triple band of characteristic herring-bone 
pattern, tapering to a point at one end where it had 
been gripped by the tongs. 

Cutting edges were welded on to this core by 
ioubling a forged half-inch rod around the point. 
ullering, final forging, and grinding completed the 
sword blade for which a hilt, scabbard and belt 
fittings were also made. The total working time was 
seventy-five hours, of which forty-three had been 
spent on the blade, involving 128 separate forging 
and welding heats. The finished blade weighed 
| lb. 10 oz.; 1 lb. 3 oz. had been removed from the 
rough forging by grinding, and the total cross- 
sectional area of the original core-assembly had been 
reduced by 70 per cent. The work showed that any 
of the patterns observed on ancient swords could be 
produced in this manner by twist-welding and 
grinding. 

Two seahiine dealt with ‘‘Scientific Evidence about 
Metalworking Techniques’. Mr. L. Biek showed how 
Mr. Anstee’s research had been suggested by observa- 
tions made while cleaning the Westminster Sword 
(ninth century) on the change of pattern with distance 
from the surface (Fig. 1), and how (a) radiographic 
examination, and (b) metallographic study (at the 
National Physical Laboratory), had helped at various 
stages. Most pattern-welded swords are so corroded 
that (b) is not possible ; on the other hand, a sound 
sword does not lend itself to (a). It is thus difficult to 
obtain a good correlation, especially as the methods 
are most useful at different magnifications. 

The Westminster Sword has, however, been exam- 
ined in both ways, and a direct metallographic 
comparison with Mr. Anstee’s No. 7 has boen made. 
The older specimen is homogeneous and contains 
about 0-2 per cent of carbon, while the other is 
virtually free from carbon but carries slag inclusions 
which are responsible for the pattern seen on the 
polished and etched surface. Pattern can thus be 
produced even when there is no alternate layering of 
wrought iron and steel. 

Dr. E. Voce demonstrated the value of interpreting 
the metallographic record®, left on copper and bronze 
objects, of the manner in which they had been 
produced. In some cases, particular combinations of 
structural features allow one to give detailed descrip- 
tions of certain points in an object’s history that 
cannot be determined on any other basis. Thus a 
Scottish celt which has clearly been cast shows an 
annealed structure but no evidence of any working. 
[t appears therefore to have been heated, after 
manufacture and for no metallurgical reason, possibly 
ia a ritual fire. Again, cuprous oxide inclusions in the 
wrought and annealed structure of a ring from 
Azarbaijan prove that it could not have been made 
from unmelted native copper. 

Mr. H. H. Coghlan described the results of recent 
spectrographic and chemical analyses of artefacts and 
ores’, made in an attempt to provide “Scientific 
Evidence about Provenance of Early Implements’’. 
The analysis of more than a hundred British artefacts 
has shown, as previous workers had found elsewhere, 
that the results fall into groups which are sufficiently 
well defined to justify the work within the chosen 
limits. Although, as Prof. Thompson said, the figures 
must not be taken too literally, whole series of 
analyses show better agreement than is required by 
many modern specifications. This is an inescapable 
fact which suggests that the control of operations 
may have been better than we imagine. 
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Broadly speaking, in the large majority of imple- 
ments, arsenic, antimony and silver are significant 
impurities, present in uniform quantity and accom- 
panied by certain minor elements which are also 
fairly constant. Within this group there may be a 
subdivision into halberds and axes, arsenic and 
antimony being much lower in the latter while 
silver remains the same. ‘There are also a small 
number of artefacts containing more than 99 per cent 
of copper, evidently not made from native copper but 
of metal from pure carbonate ore, and some isolated 
but ‘standard’ 10 per cent tin bronzes. 

A start has been made with likely ore specimens 
from Ireland and southwest England. ‘fhe few 
results so far available suggest that the two areas 
are distinct in some ways useful for this purpose, 
while the quantities of arsenic and antimony found 
in implements are well within the limits of theoreti- 
cally possible transfer from ore to metal. 

Prof. V. Gordon Childe discussed the ‘‘Archzolo- 
gical Significance of Metalworking Techniques”. The 
early development of the saw directly atfected car- 
pentry, stone-working, architecture and, by making 
wheels possible, revolutionized transport and thereby 
other industries. Though wheels and ploughs could 
have been made with stone tools, neither is known 
before the beginnings of metalworking. Ashlar 
masonry was probably impossible without a saw, and 
seals were normally engraved using metal drills and 
gravers. Nearly as old is the cauldron, which made 
possible cooking by suspension. 

Later, though still in the Bronze Age, came nails, 
wire, springs, hinges and adjustable compasses. With 
the Iron Age came tongs, shears, scythes, horseshoes, 
tyres and ploughshares. Metal further encouraged 
the specialization of tools, but the general spread of 
its influence was limited by cost. Thus flint sickles 
were usual until the Late Bronze Age and log-cabins 
do not appear in Europe until after the cheap socketed 
celt. No intensification of forest clearance is noticed 
until the Iron Age when, in Norway for example, the 
first smelting of bog iron ore is followed by a great 
expansion in this respect. Food production was then 
also greatly affected by the introduction of iron 
scythes and other agricultural implements. 

Mr. T. W. Farrer concluded with a consideration of 
“Scientific Evidence from Ancient Artefacts as 
related to Conditions of Burial’. The rate of corro- 
sion of buried metals is dependent on a number of 
factors which may vary considerably both in space 
and in time, so that no estimate of age is possible 
from corrosion products. But as their nature is a 
reflexion of conditions of burial, it is sometimes 
possible to tell where a change in these conditions 
has taken place, from such features as the adhesion 
of the corrosion products, or the peculiar tubercula- 
tion of iron objects associated with fresh-water. 
Perhaps the greatest single factor is the oxygen 
concentration, and there is marked difference between 
the states of preservation of metals according as they 
are found in well-aerated or waterlogged deposits. 

In recent years, corrosion in anaerobic deposits has 
been closely studied in ‘both archzological and indus- 
trial contexts, to great mutual advantage. Thus the 
protection of buried iron pipes from bacterial attack 
by the use of tannins, now carried out on an industrial 
scale, was suggested by well-preserved Saxon iron- 
work found with leather’. Other finds have confirmed 
industrial research on peaty soils, where similar 
inhibition appears to be due to the presence of 
antibiotic substances. On the other hand, this has 
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led to a better understanding of the archeological 
conditions causing, for example, bright blue patches 
of vivianite, or particular types of film on metal 
objects, found in such deposits. 

Introducing the general discussion, Mr. L. Biek 
listed some features common to both technologies : 
high temperatures, often carefully controlled or 
applied at selected spots; use of refractories and 
charcoal ; casting, sintering, annealing and soldering, 
including glass-to-metal joints. Possibly both 
materials owe their discovery to the same cause—a 
major fire. The same analytical techniques are used, 
and variety of approach is needed, including the 
crucial test of ‘doing it yourself’. It is thus most 
valuable to consider glass and metal together. As a 
result of the preceding papers and discussion, excava- 
tors will know better what to look for, and analysts 
where methods can best be perfected. They have 
shown, once again, the great value of such study in 
revealing not only the astonishing level of some 















































OBIT 
Sir Francis Simon, C.B.E., F.R.S. 


THE death on October 29 of Sir Francis Simon, 
barely a month after taking up his new appointment 
as Dr. Lee’s professor of experimental philosophy and 
head of the Clarendon Laboratory at Oxford, has 
come as a tragic shock to his very many friends and 
colleagues. 

Simon was born in Berlin in 1893 and studied at 
the Institut fiir Physikalische Chemie there. Later 
he became professor extraordinary at Berlin and 
professor and director of the Laboratory of Physical 
Chemistry at Breslau. When he came to England at 
the invitation of Lord Cherwell in 1933, he was 
already known internationally for his work on the 
physics of low temperatures, and particularly on the 
heat theorem of Nernst, his former teacher. During 
the years leading up to the War he then built up a 
small but powerful school of low-temperature physics 
at Oxford with the help of his former students, 
Mendelssohn and Kurti. The accommodation and 
facilities of the old Clarendon Laboratory being 
extremely primitive, the activities of this school 
depended largely on the use of miniature helium 
liquefiers based on the ‘expansion’ method which 
Simon had already developed in Germany. Perhaps 
the most notable success of the period was his work 
with Kurti on magnetic cooling, in which the tem- 
perature-range below 1° K. was systematically 
studied. 

At the beginning of the War, many foreign-born 
scientists found themselves left out of the then 
existing scientific war projects. It is ironic to realize 
how much the development of nuclear energy owes 
to this. Simon was one of the chief instigators of 
the project and, with Peierls, was mainly responsible 
for the development of the diffusion method of 
separating the isotope uranium-235, later realized in 
the enormous diffusion plant at Oak Ridge in the 
United States. With his wife and two young 
daughters evacuated to Canada, Simon worked with 
great energy in the direction of @ group at Oxford 
and on government committees, and made several 
visits to the United States. 

After the War, Simon re-started low-temperature 
work under the greatly improved conditions of the 
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ancient skills, but also points of interest to modery 
research. 

The following emerged from the discussion. V arioys 
laboratories analysing early copper implements are jp 
touch with one another, and their results can }, 
compared within the chosen limits of accuraey. 
Study of isotopic ratios in lead, for example, is not 
likely to be useful in suggesting provenance 4g 
regards the British Isles. Analysis by neutron 
irradiation is extremely sensitive but not uniformly 
so. Several speakers stressed the importance of 
testing archzological hypotheses by scientific analysis 
and experiment, and the need for provision of more 
facilities by the larger institutions. L. Brex 
* J. Soe, Glass Tech., p. 14 (February); p. 127 (April); p.1 (June 1956 
* Amer. J. Archeology, 53, No. 2, 93 (April-June, 1949). 


* See Coghlan, H. H., “Notes on the Prehistoric Metallurgy of ( opper 
and Bronze in the Old World”, Occasional Papers on Tex hnology 
No. 4 (Pitt Rivers Museum, Oxford, 1951). 


* Man (in the press). 
5 J. App. Chem., 3, 80 (1953). 
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new Clarendon Laboratory, and quickly built up « 
school which, by comparison with the pre-war 
school, can best be described as large and powerfu! 
The range of work of this school in recent years has 
been outstanding, covering almost every branch oj 
low-temperature physics and linking up with workers 
in nuclear physics and radio-frequency physics in 
most fruitful ways. A few years ago their collabora. 
tion resulted in the first reported experiments on the 
orientation of atomic nuclei. Only a few months ago 
it was reported in Nature that Simon, Kurti and 
their collaborators had achieved a nuclear cooling, 
reaching temperatures of about twenty millionths of 
a degree absolute for the first time. This was a 
project squarely in the low-temperature tradition, 
and had been close to Simon’s heart for more than 
twenty years since its original proposal by Gorter. 

In recent years Simon became a_ considerable 
public figure as a vigorous campaigner for the proper 
development and use of science, which he advocated 
in books, newspaper articles, on the radio and in 
public lectures. He was well known on government 
committees and took a particular interest in fuel 
policy, about which he campaigned (as it now appears) 
with some effect. A Fellow of the Royal Society 
since 1941 and holder of the Rumford Medal, he was 
made C.B.E. in 1946 and was knighted in 1954. He 
was honoured by many other scientific societies in 
Britain and abroad. 

Simon’s position at Oxford was as reader and later 
professor of thermodynamics. In his case the title 
was exactly appropriate. His outlook was essentially 
thermodynamic and he saw scientific problems simply 
and as a whole. It is perhaps significant that in his 
recent Guthrie Lecture to the Physical Society he 
returned to his first love, the Nernst heat theorem, 
now elevated to the status of the Third Law of 
Thermodynamics. A great deal of the work which 
came from his laboratory was inspired by this Law, 
and many of our existing ideas about the solid state 
started as ‘anomalies’ in the specific heat — tempera- 
ture curves of Simon and his students. It is inter- 
esting to note that although some of the detailed 
results of his school were later improved upon by 
workers with more highly developed techniques, his 












‘he 
in 

dy 
wo 
wo 
liq 


sis 


do 








18 


ern 


rious 
re in 
n be 
racy, 
} Not 
2 a8 
tron 
mmly 
B of 
lysis 
nore 
iK 

1956 


Opper 


logy 


p a 
wal 
‘ful 
has 
L of 
<ers 
} in 
Ta- 
the 
ago 
and 
ing, 
3 of 
Sa 
on, 
han 


ble 
per 

in 
ent 
‘uel 
a's) 
ety 
vas 
He 


in 


ter 
itle 
lly 
aly 
his 
he 
m, 

of 
ich 
w, 
ite 


ar 
ed 
by 
18 











December 29, 1956 


No, 4548 


‘hunches’ and his interpretations of the results were 
in almost every case proved correct. His thermo- 
dynamic sense extended beyond physics and he 
would apply the same approach in discussing, say, 
world fuel or food policy, as to the design of a helium 
liquefier. He was sometimes old-fashioned in his in- 
sistence upon simple methods, and many of his more 
electronic colleagues have heard him beg, ‘‘Can’t you 
do it with d.c. ?”’, It is perhaps not entirely inappro- 
priate that his last and greatest achievement was an 
experiment done with direct current. 

Simon relied generously on his closest colleagues, 
many of whom stuck to him for very long periods. 
It was an exciting experience to take part in a 
project with him, and the pattern was usually that 
Simon provided the simple idea and the energy and 
his collaborators filled in the details. His school 
expanded so much in recent years that international 
conferences on low-temperature physics began to 
take the form of reunions for scores of his former 
collaborators now working in very many countries, 
and he fell easily into the role of doyen of low- 
temperature physics, 

Many who did not know Simon assumed that he 
would be somewhat ‘Teutonic in outlook and expected 
pedantry and pomp from him. Nothing could be 


NATURE 





1435 






more wrong. His friends and collaborators knew that 
he was mischievous, mercurial, generous and warm- 
hearted, always approachable, impossible to offend. 
Although he still maintained that the English were 
mad in some respects, particularly in their love of 
sport and of cold rooms, he identified himself com- 
pletely with them, and took part with great 
enthusiasm in college life at Oxford. Generations of 
research students and hundreds of visiting scientists 
enjoyed the hospitality which he and Lady Simon 
offered in their home. He was always delighted when 
any of his colleagues or his secretaries married each 
other, as frequently occurred. Whenever he travelled 
he would send postcards to his colleagues and he 
kept closely in touch with all who left Oxford, helped 
them whenever he could do so, and kept each one 
up to date about what was happening to others. He 
had many endearing eccentricities, particularly con- 
nected with the temperature of his surroundings, 
and during a long conversation with him a visitor 
might find that at one time Simon would be wearing 
cap, muffler and sweater, and that at another time 
he would have taken them all off and opened the 
window. 

He was a unique’ figure, and all who knew him are 
deeply saddened by. his death. G. O. JonEs 


NEWS and VIEWS 


The Forestry Commission : 
Mr. A. H. H. Ross, O.B.E. 
Mr. A. H. H. Ross, director of forestry for Scot- 
land since July 1953, is due to retire from the 
Forestry Commission in March. Mr. Ross obtained a 
diploma and degree in forestry at Oxford in 1920 and 
was for some time in the Indian Forest Service. He 
joined the Forestry Commission early in 1925 as a 
district officer, serving successively in different areas 
under the then assistant commissioner for England 
and Wales. During the War he was engaged on 
timber supply duties and was with the North German 
Timber Control. Following his return to the Forestry 
Commission, Mr. Ross was promoted to conservator 
of forests for north-west England, with headquarters 
at Chester, where he remained until his appointment 
as director of forestry for Scotland. In that office, 
Mr. Ross has played an important part in the more 
recent development of forestry in Scotland and is at 


present in charge of nearly half a million acres of 


Commission woodlands. 
Mr. A. Watt 


Mr. A. Wart, who is at present serving as a con- 
servator of forests at the headquarters of the Forestry 
Commission in London, has been appointed to succeed 
Mr. Ross. He obtained his degree in forestry at 
Oxford in 1931. He was appointed a district officer 
at Aberdeen in 1934 and afterwards served in south, 
north and west Scotland and became conservator of 
forests for west Scotland, with headquarters at 
Glasgow, in 1946. He was transferred to the office 
of the Director of Forestry for Scotland in 1948, and 
moved to London some three years later. 


New’ Zealand Research Award: Dr. P. Whittle 


THE research medal awarded by the New Zealand 
Association of Scientists for outstanding research 
work (principally in New Zealand) for those under 


forty years of age has been made this year to Dr. P. 
Whittle, of the Department of Scientific and Indus- 
trial Research, Applied Mathematics Laboratory. 
Dr. Whittle’s work has been concentrated mainly 
around the theory of time series and stochastic pro- 
cesses, a modern development in the mathematical 
theory of probability which makes it possible to 
understand and interpret data such as economic, 
biological and geophysical measurements which, 
while they possess a certain tendency to regular 
changes, are so subject to random shocks that this 
tendency is largely obscured. 


Perkin Centenary Trust Awards 


THe following awards for educational purposes 
relating to the manufacture or the application of 
colouring matters have been announced by the 
Perkin Centenary Trust: the Perkin Centenary 
Fellowship is to be offered for postgraduate study at 
@ university or technical college; two Perkin Cen- 
tenary Scholarships will be offered to enable can- 
didates employed in the appropriate industries to 
receive an education at a university or technical 
college. Two Perkin Exchange Lectureships are also 
to be created. The first, of short term, is intended 
to enable a senior teacher at a university, or technical 
college, to visit some similar establishment overseas 
in order to deliver a short course of lectures. In 
return, @ visit to a British institution by some over- 
seas scientist will be arranged. The second appoint- 
ment contemplated will permit a similar exchange of 
lecturers for a period of up to one year. 

The Perkin Centenary Trust was established in 
January 1956 to administer the funds subscribed to 
commemorate the discovery of the first synthetic 
dyestuff by Sir William Perkin in 1856. The secretary 
to the Trustees is Mr. J. R. Ruck Keene, to whom 
inquiries should be addressed, at the Chemical Society, 
Burlington House, London, W.1. 
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Further Education in Science and Technology in 
Britain 
In a written answer in the House of Commons on 
December 12, the Minister of Education, Sir Vavid 
Eecles, gave the number of full-time day students 
studying engineering in establishments of further 
education in tingland and Wales in 1954-55 as 7,455, 
compared with 6,944 in 1953-54; of these, 1,355 
were on sandwich courses (compared with 746 in 
1953-54), and there were 146,221 part-time day 
students (131,376 in 1953-54). For science the figures 
were 3,173 in 1954-55 and 3,526 in 1953-54, of whom 
71 and 69 were on sandwich courses, and 11,V10 
part-time day students (10,791 in 1953-54). Enrol- 
ments in evening classes in mathematics and natural 
sciences totalled 429,282 in 1954-55 and 410,4vU in 
1953-54 ; for engineering and allied industries the 
corresponding figures are 278,466 and 269,564. In 
t-aided establishments of further education 
1,2u9 full-time and 1,128 part-time day students of 
engineering were recorded as studying for university 
degrees in 1954-55, 2,229 full-time and 68,115 part- 
time for National Certificates; 185 full-time and 
43,184 part-time for City and Guilds examinations 
and 2,199 full-time and 3,454 part-time for other 
examinations. For science the corresponding figures 
are 2,279 full-time and 5,184 part-time day students 
for university degrees ; 74 full-time and 10,829 part- 
time for National Certificates; 444 -time for 
City and Guilds examinations; and 1,298 full-time 
and 4,262 part-time for other examinations. 


Technological Education in France 

THE Paris Academy of Sciences, supporting pro- 
posals made by the Association des Professeurs de 
Mathématiques, the Union des Physiciens and the 
Union des Naturalistes, has submitted to the French 
Government a resolution in favour of certain reforms 
in scientific education (C.R. Acad. Sci., Paris, 243, 
1811; 1956). The Academy, disturbed by the grave 
situation created by the growing shortage of scientists, 
engineers and technologists, and the inadequate 
number of young men embarking on a scientific 
career, points out the necessity for recruiting not only 
men with a vocation for the abstract sciences and 
mathematics, but also those with an aptitude for 
observation and experiment. The Academy there- 
fore proposes that, in order to satisfy this dual 
requirement, matriculation examinations should not 
be such as to discourage from scientific careers young 
men not especially gifted in mathematics. It is also 
proposed that secondary schools should be less con- 
cerned with detailed instruction than with laying a 
firm foundation of basic principles ; and that every 
effort be made to attract pupils to science by intro- 
ducing them at an early age to the experimental 
method, by practical exercises and characteristic 
examples, to be reinforced at a later stage by more 
predominantly scientific instruction. Finally, it is 
proposed that every initiative be encouraged toward 
recruiting competent teachers even without diploma, 
and accepting students even without competitive 
examination, in view of the urgency of the need. 


Imperial College of Science and Technology, 
1954-55 
Tue forty-eighth annual report of the Governing 
Body of the Imperial College of Science and ‘Tech- 
nology (London) for the year 1954-55 (from the 
College) notes that appointments were made to the 
new chairs of applied science, with special reference 
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to engineering, soil mechanics, heavy elcctrica| 
engineering, physical chemistry, instrument. tech. 
nology, statistics, parasitology, applied geo hysics 
and aeronautical structures, and to readers}iips in 
applied geochemistry, physical chemistry, ining 
and chemical engineering. A _ strong expansion 
committee has been appointed from among members 
of the Governing Body, and the physical expansion 
of the College is gathering momentum. An additional 
story over the Goldsmiths’ Company Extension to 
the City and Guilds College and the Royal Scliool of 
Mines was completed in April 1955 and, besides 
relieving congestion due to the increased intake of 
engineering students, provides new accommoiiation 
for applied geophysics and applied geochemistry. 
further extension of chemical engineering in con. 
nexion with a new aeronautics building was scheduled 
for occupation by the latter in October 1956, and by 
chemical engineering in December 1956. Kebuilding 
of the Imperial College Union was expected 10 be 
complete in September 1956, and an alteration in the 
Bessemer Laboratory of the Royal School of Mines 
to serve as a temporary house for the Mechanica! 
Engineering Workshop and Materials Laboratory jis 
already complete. ‘Two stories are also being added 
to the single-story part of the Chemistry Department. 
These beginnings have all been made on sites already 
in possession of the College, and any further expan- 
sion by building awaits acquisition by the College of 
other parts of the ‘island site’ at present occupied by 
other institutions. Details of staff changes are 
appended to the report together with a list of pub. 
lications and brief notes on departmental research. 
Of the 2,282 students (including 412 part-time) in 
1954-55, 1,840 were from the United Kingdom, 256 
from the British Commonwealth and 186 from other 
parts of the world. Of the total, 1,019 were post- 
graduate, 229 were from London and 870 from the 
Home Counties. 


Atom 


Atom, the monthly bulletin of the United Kingdom 
Atomic Energy Authority, is distributed to the staff 
of the Authority, to similar organizations overseas, 
to industrial firms concerned with the exploitation of 
nuclear energy, to the Press and to those to whom 
a record of information on the work of the Authority 
may be useful. The first issue (November), consisting 
of twenty-four pages, contains a report of the events 
of October 17, when Her Majesty Queen Elizabeth II 
pressed the switch that allowed power from the 
Calder Hall nuclear power station to pass into the 
national grid. The report includes the Queen's 
speech and technical details of Calder ‘A’ station. 
Apart from short notes dealing with diamond 
irradiation, the new reactor school at Harwell, 
and LIDO, and abstracts of patents, the main 
contents are devoted to the addresses given by 
Sir Edwin Plowden and Sir John Cockcroft at 
the meeting of the International Bank for Recon- 
struction and Development held on September 27. 
Sir Edwin spoke on the development of the nuclear 
power programme in Britain and compared British 
plans with likely trends of development in other 
countries. Sir John referred to the economic back- 
ground against which the United Kingdom pro- 
gramme is progressing and undertook in his speech 
the speculative and difficult. task of looking five or 
ten years beyond the United Kingdom programme as 
planned until 1960. He concluded by stating that 
“it is certain that, with the great power of creative 
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technology to-day, development will be rapid and 


capit:l costs of nuclear power projects will fall 
rapidly. In spite of this, [ think it will be a long 
time before nuclear power is competitive with .4-mil] 
hydroelectric power’’. 


Limiting Atomic War 
A PAMPHLET, “On Limiting Atomic War’’, issued 
by the Royal Institute of International Affairs 
(London, 1956; 2s. 6d. net), is the outcome of dis- 
cussions on the problems of defence policy in the 
nuclear age between Rear Admiral Sir Anthony 
Buzzard, Prof. P. M. 8. Blackett, Denis Healey, 
M.P., and Richard Goold-Adams in the summer of 
1956. It puts the arguments in favour of trying to 
draw distinctions between the tactical and strategic 
use of atomic weapons. Written by Richard Goold- 
\dains, it presente the case for graduated deterrents, 
arguing that if a start were made now, distinctions 
between tactical and strategic nuclear weapons would 
be both desirable and practicable ; that it is similarly 
possible to draw a line between tactical and strategic 
targets; and that the area of almost any future 
war outside Western Europe could be limited. The 
argument turns on the facts, first, that it is only a 
relatively recent trend, confined almost entirely to 
this eentury, that major war should tend to spread 
into world war; and secondly, that it is only in 
world war that the generals are able to dominate the 
politicians. If, however, it is disputed that dis- 
tinctions between big and little nuclear wars are 
practicable, the present costly polity of developing 
large quantities of small-scale nuclear weapons is 
already wrong. The time has already passed when 
any British government can afford not to find out 
whether the argument in this pamphlet is right or 
wrong. Until it does so it has no clear line of defence 
policy around which to rally public opinion and may 
continue to spend resources, which our economy can 
ill afford, on tactical nuclear equipment which will 
be largely wasted and provide no proper’ defence 
shield in return. 


Oil Flax Seed 


THE spectacular rise in fibre flax cultivation and 
the consequent increased demand for sowing seed 
during times of national emergency are common 
knowledge in the United Kingdom. The trend of 
cultivation of oil flax in the countries of northern 
Europe seem to follow a somewhat similar pattern. 
During and for some little time after the Second World 
War, when oil flax was being grown on a large scale 
in Sweden, a programme of research designed to 
improve the seed yield of this crop was undertaken 
at the Plant Breeding Station, Gullakers, by Rolf 
Manner. The results of Manner’s work, which has 
now been concluded, are published in monograph form 
entitled “‘Studies on Seed-setting and Seed Yield in 
Oil Flax” (Meddelande fran Gulldkers Vaxtférad- 
lingsanstalt, No. 12. Hammenhédg: Gullakers Vaxt- 
foradlingsanstalt, 1956). In the course of a thorough 
and detailed study of the problem, the author has 
investigated intra-plant variability, the influence of 
environmental conditions and the genetical variation 
in seed-setting and seed yield. After remarking that 
increased seed production may be effected by a 
changed environment such as would be brought 
about by increased manuring (nitrogen and potas- 
sium) and plant husbandry and suggesting that such 
improvements may be immediately utilized, he points 
out that improvements in other ways and, in par- 
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ticular, by plant breeding must be exploited in full. 
The breeding work which he undertook indicates 
that even greater progress can be achieved in this 
way than by the provision of changed environmental 
conditions, The question of heterosis in flax breeding 
is examined in some detail, and the possibilities of 
obtaining increased yield by sowing F, seed are 
believed to be very real, although it is admitted that 
many problems remain to be solved before this 
becomes a practical possibility. The monograph 
contains an excellent review of foregoing literature 
and the publication has been ably translated by C. 
Montagu Evans. It is pleasing to note that the 
author hopes, in spite of the fact that much of the 
work may not assume importance under Scandinavian 
conditions, that he has been able to contribute some 
results which may be applicable beyond the frontiers 
of northern Europe. It is a monograph which will 
be welcomed by all who are interested in the problems 
of flax breeding. 


Dedication of Woodlands in Great Britain 


THE fourth edition of the Forestry Commission 
pamphlet, entitled ““The Dedication of Woodlands : 
Principles and Procedures” (Booklet No. 2: pp. 60. 
London: H.M.S.O., 1956; 2s. 6d. net), has been issued 
with a foreword by Lord Radnor, chairman of the 
Forestry Commission, and Major Sir R. Proby, 
chairman of the United Kingdom Forestry Committee. 
The dedication scheme was first introduced in 1948, 
with the object of assisting in the replanting and proper 
maintenance of privately owned woodlands, and it is 
for this assistance that it is recommended to all 
owners who have not yet come into the scheme. 
Steady progress has been made since its introduction. 
By September 30, 1955, the total area covered by 
completed dedication deeds was 410,000 acres, with 
another forty thousand acres in preparation. Owners 
who have had several years of the working of the 
scheme say that in practice it allows them greater 
freedom than before. A plan of operations, drawn 
up by the owner himself, is helpful in dealing with the 
management problems. In the early stages after 
dedication, Forestry Commission officers pay visits 
and assist with advice. These visits are helpful ; but 
they are made with the knowledge that both the 
responsibility for them and management of the woods 
remain with the owner and that any rigidity in 
working the plan will defeat the objects aimed at. 
The pamphlet gives a full description of the dedication 
scheme with examples of the deed covenant for 
England and Wales, and a separate one for Scotland. 


Nitrogen and Root Metabolism 


In further studies of the respiration of barley 
plants, E. W. Yemm and A. J. Willis (New Phytol.. 
55, 2, 229; 1956) have investigated the nature of 
the products formed during the assimilation of 
inorganic forms of nitrogen by excised roots. Some 
new analytical methods are described. They have 
observed that under all conditions of rapid assimila- 
tion there is a marked increase of glutamine, and the 
experiments with nitrogen-15 show that glutamine 
arises as a result of primary synthesis. When 
ammonium salts are supplied, more than 80 per cent 
of the nitrogen metabolized during the initial period 
of rapid assimilation can be recovered as glutamine. 
With nitrate, somewhat smaller quantities of 
glutamine are formed, together with asparagine and 
amino-acids. The data from experiments with 
different sources of nitrogen are consistent with the 
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view that nitrate is converted to nitrite and hydroxyl- 
amine, and there is evidence that the step from 


nitrate to nitrite is relatively slow. The synthesis of 


amino-acids and amides is closely associated with 
high rates of respiration and rapid losses of carbo- 
hydrates from the tissues. Evidence is presented 
that both the carbon skeleton of the amides and the 
respiratory carbon dioxide result f:»m the break- 
down of carbohydrate. The regulatory mechanisms 
which may operate during the assimilation of different 
forms of nitrogen are discussed. No marked increase 
of tissue proteins occurs in the excised roots ; but an 
extensive incorporation of nitrogen-15 into these 
proteins could be detected. There is no evidence that 
the operation of a continuous protein cycle plays an 
important part in regulating the rate of respiration 
in these roots. 


Zoological Nomenclature 


THe International Commission on Zoological 
Nomenclature will start voting as from March 28, 
1957, on the following cases involving the possible 
use of its plenary powers ; full details have already 
been published (Bull, Zoo. Nom., 12, Pt. 9; Septem- 
ber 1956): (1) Rafinesque, 1814-1818, names pub- 
lished by, for genera and species in the orders 
Decapoda and Stomatopoda (cl. Crustacea), sup- 
pression; (2) cruentatus Linnaeus, 1758, cubicus 
Forskaél, 1775, and novemdecos Sulzer, 1776, all 
published in combination with the generic name 
Cancer (cl. Crustacea, order Decapoda), suppression ; 
(3) Urinatoridae Vieillot, 1818, suppression of, in 
favour of Gaviidae Coues, 1903 (cl. Aves); (4) 
Peltura (emend. of Pelitoura) Milne Edwards (H.), 
1840 (cl. Trilobita), validation. Comments should be 
sent as soon as possible to Francis Hemming, 28 Park 
Village East, Regent’s Park, London, N.W.1. 


Insecticidal Effect of Nigerian Diatomite 


COMPARATIVE tests have been made by E. A. Parkin 
and Enid I. C. Scott, of the Pest Infestation Labor- 
atory of the Department of Scientific and Industrial 
Research, and E. R. Varley, of the Mineral Resources 
Division of the Colonial Geological Surveys, on the 
insecticidal efficiency of a colloidal silica preparation 
and several particle-size fractions of a Nigerian 
diatomite to assess the potentiality of the latter for 
local use in the protection of infestable stored pro- 
duce (Col. Plant and Animal Prod., 5, No. 3; 1956). 
The tests were made with Calandra granaria, C. 
oryzae and Tribolium castaneum. The finest fraction 
of the diatomite had a good insecticidal effect at 
25° C. and 70 per cent relative humidity when used 
as a dry dust, although it was not so effective as the 
colloidal silica. However, when applied as an aqueous 
suspension to bricks, the dry deposit of colloidal 
silica was insecticidally efficient, whereas that of the 
diatomite failed completely because of caking. It 
would have been particularly advantageous in the 
groundnut storage areas of Northern Nigeria if the 
diatomite could have been used in aqueous sus- 
pension to avoid excessive Josses during application 
of dry dusts in the local high winds. 


Electron Physics Tables 


Tue National Bureau of Standards, Washington, 
D.C., has recently prepared “Electron Physics 
Tables” (Circular No. 571; pp. 83. Washington : 
Government Printing Office, 1956; 50 cents), which 
replace the out-of-print and partly obsolete tables 
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published in 1941 as Part 2 of ‘‘Miscellaneous P}, ysical 
Tables. Planck’s Radiation Functions and E).ctyoy 
Functions. U.S. National Bureau of Standards, 
Mathematical Tables 17”. The calculation of the 
tables was carried out on the Bureau’s automatic 
digital computer, SEAC, and the eight tabulated 
quantities, each given to eight significant {izures, 
are: the potential difference in absolute volt 
required to impart a kinetic energy EL expressed jy 
electron volts to an electron initially at rest; the 
effective relativistic potential difference ; the product 
of magnetic field strength in cersteds and the radius 
of curvature of electron path in centimetres ; the de 
Broglie wave-length of the electron ; the momentum 
of the electron measured in units of m gc, where m, 
is the rest mass of the electron and c is the velocity 
of light ; the kinetic energy of the electron measured 
in units of its rest mass energy, m,c*; the total 
energy of the electron measured in units of the rest 
energy ; and the ratio of the electron velocity to the 
velocity of light. The electron energies quoted range 
from 0-206 eV. to 3-353 x 1012 eV. The values of 
the fundamental constants adopted in the com. 
putation of the tables are those given by J. W. M. 
Dumond and E. R. Cohen (Rev. Mod. Phys., 25, 691; 
1953). 


VOL. 178 


Photometric Theory of Lunar Eclipses 


THE sixteen lunar eclipses between October 16, 
1921, and July 15, 1954, are discussed by F. Link in 
@ paper, written in Czech but with an English sum. 
mary, entitled “Catalogue of Eclipses of the Moon, 
1921-1954. 2: Measurements of the Density of the 
Shadow” (Pub. © 29, Nak. Cesk. Akad. Véd, Praha; 
1956). In 1933, Link had established a photometric 
theory of lunar eclipses, based on contemporary 
knowledge of the terrestrial atmosphere and directed 
specially to the exploration of the upper atmosphere 
(C.R. Acad. Sci., Paris, 196, 251 (1933), and Bull. 
Astron., 8, 77 (1933)). Since then the numerical 
results of his theory have served for comparison with 
measurements of the density of the Earth’s shadow, 
and‘the object of the present paper is to give a 
summary of these comparisons in view of a proposed 
revision of the earlier theory. Many precautions are 
necessary in measuring the density of the terrestrial 
shadow thrown on the Moon, and certain disturbing 
factors intervene—in particular, the light scattered 
in the instrument used for the measurements or in 
the Earth’s atmosphere, and then the atmospheric 
absorption and its variations, which are all likely to 
vitiate considerably the measurements. Fortunately, 
the photometer described by A. Danjon (Ann. Obs. 
Strasbourg, 2, 1; 1928) provides results in which 
systematic errors are automatically eliminated. 
There is now a long series of measurements of this 
nature which were made between 1921 and 1954, 
and the work under consideration contains the 
results of this series. In addition to sixteen pages of 
tabular matter showing the densities of the shadows, 
there are sixteen curves—one for each eclipse— 
showing the densities as functions of the angular 
distance from the centre of the shadow, and other 
curves and diagrams supplying additional informa- 
tion. A detailed discussion has been reserved for the 
future, but the following provisional deductions have 
been made. In the shadow and in the green and red 
parts of the spectrum, there is normally a deficiency 
of light with regard to-the Rayleigh atmosphere, but 
in the blue—and in exceptional circumstances in the 
green and red—there is an*excess of light with 
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reference to the Rayleigh atmosphere. In that part of 


No. 4547 


the penumbra which is close to the geometrical limit 
of tho umbra, there is often an excess of light which 
is difficult to explain by any known phenomena, In 


both the umbra and the penumbra there is often a 
marked dissymmetry between the increasing and 
decreasing phase, and it is suggested that the above 
facts should serve as a starting-point in the future 
for revising existing theories of lunar eclipses. 


Bibliography of Seismology 

No. 15 of the valuable ‘‘Bibliography of Seismo- 
logy” (Vol. 14 in “Publications of the Dominion 
Observatory, Ottawa’), edited by W. E. T. Smith 
and covering the period January-June 1954 (Items 
8547-8772), includes 326 items in pure and applied 
seismology, culled from some twenty countries and 
taken from seventy-seven journals. Particularly 
interesting is the present use of explosions employing 
very large masses of explosive, in order to determine 
deep-crustal structure. Such experiments by H. 
Reich and O. Fértsch in southern Germany (Items 
8600, 8703 and 8704), by a group of seismologists in 
Japan ([tems 8705, 8706), and by H. E. Tatel, L. H. 
Adams and M, A. Tuve in the United States (Item 
$746) are listed. The work of M. N. Hill and A. S. 
Laughton on seismic observations (using explosives) 
in the eastern Atlantic and of M. Hayakawa and K. 
Mori on seismic prospecting on the sea bottom near 
Sakito, Nagasaki Prefecture, are noted. 


University of Birmingham 


THE following appointments have been made in 
the University of Birmingham: J. W. Glen, to be 
lecturer in physics; C. R. Patrick and G. H. Whitham, 
to be lecturers in chemistry. 

The Huxley Lecture will be delivered on March 7 
by Prof. C. D. Darlington, Sherardian professor of 
botany in the University of Oxford. 

The Sir Josiah Mason Lectures will be delivered 
in the session 1957-58 by Sir Solly Zuckerman, Sands 
Cox professor of anatomy and director of the Depart- 
ment of Anatomy in the University ; the lectures 
are to be entitled ‘‘Control of Population Growth’. 


The Night Sky in January 


NEW moon occurs on Jan. ld. 02h. 13m., v.7., full 
moon on Jan. 16d. 06h. 21m. and new moon on Jan. 
30d. 21h. 24m. The following conjunctions with the 
Moon take place: Jan. 9d. 09h., Mars 3° S.; Jan. 
20d. 20h., Jupiter 6° N.; Jan. 26d. 00h., Saturn 
0-4° N.; Jan. 28d. 16h., Mercury 2° S. In addition 
to these conjunctions with the Moon, Mercury is in 
conjunction with Venus on Jan. 21d. 16h., Mercury 
being 2-8° N. Mercury is unfavourably placed for 
observation. Venus is @ morning star, visible very 
low in the south-east just before sunrise. Mars sets 
at Oh. 35m., Oh. 30m. and Oh. 20m. on January 1, 
15 and 31, respectively; its stellar magnitude 
decreases during the month from + 0-3 to + 0-9, 
its distance from the Earth increasing from 98 to 
124 million miles. Mars continues to move eastwards, 
being near 8 Piscium at the beginning of the month, 
and passing into Aries on January 27. Jupiter rises 
at 23h. 20m., 22h. 30m. and 21h. 20m. at the begin- 
ning, middle and end of the month, respectively, and 
is near y Virginis; its stellar magnitude is about 
— 1-7, its distance in the middle of the month being 
460 million miles. Jupiter is stationary in right 
ascension on January 17, and subsequently begins to 
move westward among the stars. Saturn is now in 
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Ophiuchus, and rises at 5h. 40m., 4h. 50m. and 3h. 
50m. on January 1, 15 and 31, respectively ; its 
stellar magnitude is + 0-7 and its distance from 
the Earth is approximately 1,000 million miles. 
Occultations of stars brighter than magnitude 6 are 
as follows, observations being made at Greenwich : 
Jan. 17d. 20h. 53-9m., w Leo. m (R); Jan. 22d. 6h. 
27-5m., 68 Vir. (R). R refers to reappearance. The 
Quadrantid meteors will be active on January 3, but 
maximum activity is expected during daylight and 
conditions for observation are not favourable. The 
Earth is in perihelion on January 3, its distance from 
the Sun being 91-3 million miles. 


Announcements 

Dr. ALBERT PARKER, director of fuel research in 
the Department of Scientific and Industrial Research 
since 1943, is retiring on December 31, after twenty- 
eight years service with the Department. Dr. A. C. 
Monkhouse, at present deputy director, has been 
appointed acting director of fuel research. 


Dr. W. M. Exsasser, formerly professor of 
theoretical physics at the University of Utah, has 
joined the staff of the University of California, 
Scripps Institution of Oceanography, as research 
physicist. 

Tue Children’s Lecture of the Manchester Federa- 
tion of Scientific Societies will be given by Prof. 
C. E. H. Bawn in the Chemistry Lecture Theatre in 
the University, Oxford Road, Manchester, on Janu- 
ary 3 and 4 at 3 p.m.; Prof. Bawn will speak on 
‘Progress of Plastics”. Admission is by ticket from 
one of the societies comprising the Manchester 
Federation. 


A PRINCIPAL theme of the national sectional 
meetings of the National Union of Teachers to be 
held at the Friends House, London, N.W.1, during 
January 2-4 will be “‘The Place of Mathematics and 
Science in the Curriculum at all Stages of Education’’. 
Dr. J. Bronowski is opening the pr i with a 
paper on ‘The Purpose of a Scientific Education”. 
The teaching of mathematics at various ages and the 
expansion of technical education will be discussed at 
other sectional meetings being held at Church House, 
Caxton Hall and the Institute of Education (Univer- 
sity of London), 


THE second International Congress of Surface 
Activity will be held in London during April 8-12, 
with Lord Brabazon of Tara as the president of 
honour and Sir Eric Rideal as the president. Member- 
ship of the Congress is open to all on payment of a 
fee of £4. Inquiries should be addressed to the 
Honorary Secretary, Second International Congress 
of Surface Activity, 14 Belgrave Square, London, 
S.W.1. 


Tue Bradford Chemical Society, in conjunction 
with the Department of Chemistry and Dyeing of 
the Technical College, Bradford, and the Yorkshire 
Council for Further Education, is to hold a sym- 
posium on “Recent Developments in the Chemistry 
of Fibrous Linear Polymers”’ at the Technical College 
on February 15 and 16, 1957. There will also be 
an exhibition of chemical apparatus and of fibres and 
fabrics. There is no fee for attendance at either 
lectures or exhibitions, but inquiries about either 
may be addressed to Dr. W. R. Moore, Depart- 
ment of Chemistry and Dyeing, Technical College, 
Bradford. 








HERE has been an increasing interest in the 
techniques of high-speed photography and in 
their application. In October 1952 the Society of 
Motion Picture and Television Engineers of New 
York organized an International Congress on High- 
Speed Photography and held it in conjunction with 
its annual meeting in Washington. The number of 
people who attended and the extent of the interest 
were such that it was decided to hold other meetings, 
the next in Europe. The Second International Con- 
gress on High-Speed Photography was held under 
the auspices of the Association Frangaise des 
Ingénieurs et Techniciens du Cinema in Paris in 
September 1954. A great deal of material was sub- 
mitted to this Congress and has been published 
recently*. These proceedings are an impressive 
indication of the breadth of the subject and of the 
extent of its applications. Sixty-eight papers were 
presented, and the proceedings are extensively 
ulustrated, by some 65v illustrations, many of which 
include a number of separate pictures, so that the 
whole number of illustrations runs into the thousands. 
As many major advances have been made in 
Britain, it was decided to hold the next Congress 
here. The Department of Scientific and Industrial 
Research agreed to sponsor the Congress, which was 
held in London during September. It is a measure 
of the extent to which the Congress was truly inter- 
national that of the 330 members who attended, 
ninety-six were from overseas, representing fourteen 
different countries. 

The papers for presentation were submitted to the 
editorial committee some months before the Con- 
gress. There was severe restriction of the length of 
the papers and of the numbers that could be accepted. 
Papers describing work which had been published 
elsewhere were automatically rejected. This strict 
editorial policy meant that papers presented and to 
.be published in the proceedings are of a high standard, 
and describe new and original techniques and appli- 
cations that are nowhere else available in the pub- 
lished technical literature. The papers were all 
preprinted and copies made available to members 
before the opening of the Congress. They were 
therefore not read in extenso, but each author gave 
a résumé of his work and indicated what advances 
there had been in recent months. Ample time was 
thus left for discussion and comment on each of the 
papers. One of the most valuable features of the 
whole Congress was the vigour of the discussion and 
the attention that could be given to individual 
problems, inquiries and suggestions. Summaries of 
the discussions will be included with the proceedings. 

The main topics discussed at the different sessions 
of the Congress are indicated briefly below. 

Flash light sources. There were considerable 
advances in the detailed study of sources and in the 
efficiency of conversion of energy for single-shot 
work (E. P. Tawil; D. P. C. Thackeray; M. La- 
porte; J. 8S. T. Looms and R. J. North; P. Devaux ; 
I. S. Marshak); and in the development of equip- 
ment that could produce a series of short flashes at 
high rates (H. E. Edgerton; F. Friingel). Valuable 
work was also reported on the production of rect- 


* “Actes de 2e Congrés International de Photographie et Cinémato- 
graphie Ultra-rapides” (Dunod, Paris, 1956). 
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angular pulses of light suitable for illuminatin +» ay 
event while a whole sequence of pictures was taken 
(D. P. C. Thackeray). Analyses were also pres: nted 
of the light source requirements, and how hese 
could be met, for work in wind tunnels (L. H. Tai ner: 
J. S. T. Looms and R. J. North). 

Image-splitting and image-dissection  techni.,ues, 
New techniques were described which allow fast 
photography through a microscope with very siinple 
equipment (J. S. Courtney-Pratt and D. P. ¢, 
Thackeray ; J. 8S. Courtney-Pratt). A combination 
of image-converter and image-dissection techni jues 
was described which allows a high throughput of 
light and which has already been used to take a 
sequence of fifty pictures at a rate of 5 x 107/sec, 
(G. H. Lunn). This technique is likely to be of far. 
reaching importance as already it gives very high rates 
and yet is nowhere near the limit to which it can be 
pressed. Further development work will be required 
but should be amply repaid, as fundamental limita- 
tions are unlikely to be restrictive for speeds higher 
still by a factor of 100 or 1,000. 

Inertialess shutters. The use was described of 
image converters for taking single-shot pictures with 
an exposure of 3 x 10-® sec. (R. F. Saxe), and an 
assessment presented of the efficiency of present-day 
converters and the extent to which their efficiency 
may be increased (R. A. Chippendale). It would 
seem that one may hope eventually to get an 
intensification of the image by a factor of 100 or so. 
Advances in the use of Kerr cells were described, 
and a valuable new method of switching the light 
beam from one path to another so that a short series 
of pictures can be taken at speeds up to the maximum 
operating speed of these switching cells (E. W. 
Walker). A combination of image dissection and 
Kerr cell aperture-scanning was described (J. L. 
Viard). As in this equipment the Kerr cells are of 
very small dimensions, the equipment can give a 
qualitative study of an event at even higher rates. 

Applications in industry and biology. Two papers 
were presented on machine and combustion analysis 
(R. O. Painter ; J. G. G. Hempson), and a paper was 
presented describing a study of the flow of blood 
corpuscles in vivo (A. M. P. Brookes and P. A. G. 
Monro). 
much wider application than simply to the par- 
ticular project for which they had been developed. 
A cathode-ray tube was used as a repetitive source, 
and it was shown that one could estimate the velocity 
of mean flow of a stream in which randomly dis- 
tributed particles are t rted, by a method 
similar to the stroboscopic study of consistently 
repetitive events. The authors likened the pattern 
that could be seen to raindrops on a windscreen. 


The pattern would show no drift if the frequency of 
flash was equal to the mean rate of passage of 


particles. 

Application to ballistics and explosives. A large 
proportion of the development and use of high-spee«! 
photography has always been in the military field. 
A number of papers were presented in this and other 
sessions that described cameras developed for use in 
guided-weapon trials (R, Herden; P. B. N. Nuttall- 
Smith), in supersonic flight (J. 8. Rinehart), in proof- 
range work (R. Herden; M. B. Prudence; J. H. 








This paper described new techniques of 
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Waddell; M. Sultanoff; T. Uyemura and T. 
Morishige; P. Devaux; J. 8S. Rinehart; J. L. 
Viard > E. Ww. Walker > H. F. Hills H i ik Uyemura . 


L. Zernow and G. E. Hauver), and in studies of 
safety hazards of the ignition of explosives and of 
gas mixtures (A. Berthmann and H. Kéufer; M. 
Giltaire). 

Instrument aids. Two papers were presented on 
more precise time measurement (P. Fayolle; W. 
Baur and K. Pfister), and a camera was described 
with a system that allowed the separation of pictures 
taken with different colour pass-bands (R. L. Aspden). 
A number of authors pointed out that similar means 
could be used to increase the framing rate, to increase 
the number of pictures in a sequence, or to differ- 
entiate between different features of an event (J. 8S. 
Courtney-Pratt and D. P. C. Thackeray ; N. Dom- 
browski; W. D. Chesterman). A paper was presented 
in this session which described a method for studying 
the fracture process within a solid (F. Kerkhof). In 
the simplest case of brittle failure in tension, a 
straight fracture front will generate a plane fracture 
surface in a solid. If ultrasonic waves are present, 
the instantaneous direction of movement of the 
fracture front can be a little affected. After fracture, 
the ripples in the surface show how far the fracture 
front had advanced between successive maxima of 
the ultrasonic wave. This is a powerful method, as 
it allows one to study the shape and movement of a 
fracture front inside even an opaque material, 
whereas the ordinary photographic methods are 
restricted to a study of the movement of the crack 
at the surface. 

Photographic materials. A number of papers were 
presented on the behaviour of ordinary and colour 
emulsions, with reference particularly to their 
behaviour at short exposure (R. J. North and N. A. 
North; J. Eggert and R. von Wartburg; R. von 
Wartburg; J. Castle, W. Woodbury and W. A. 
Shelton). Many emulsions show reciprocity failure 
by a factor of 2 or 3 for exposures between 10-* and 
10-° sec. It used to be thought that there might be 
even greater reciprocity failure at shorter times still ; 
but most of the evidence produced at this Congress 
indicates that the sensitivity of the emulsions is not 
much further reduced for exposure times as short 
even as 10-* sec. (H. Hoerlin). 

X-rays. Papers were presented on ciné-radio- 
graphy of biological subjects at rates up to 125 
frames per sec. (S. A. Weinberg, J. S. Watson and 
G. H. Ramsey), and on a study of the movement of 
shock waves in solids by the use of flash X-ray bursts 
of duration between 10-* and 10-7 sec. (R. Schall). 
There was also a valuable paper describing a critical 
study of the role and influence of gas in X-ray tubes 
(R. F. Thumwood). It was shown that the efficiency 
could be greatly increased by controlling the pressure 
of gas with an optimum at pressures in the range 
10-* to 10-* mm. mercury. 

Film evaluation. Papers were presented describing 
methods of reading films, and of data processing 
(B. 8S. Benson; W. N. McJilton; J. Rieck). This is 
a problem of growing importance, as with the increase 
in speed the number of frames to be measured has 
made this the most laborious operation of the whole 
investigation ; so much so that considerable increase 
in the complexity of recording equipment is amply 
justified if it can lead to a more direct means of 
assessment. 

Optical techniques. Contributions were made 
describing installations that made use of the Cranz— 
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Schardin system, of interferometric and schlieren 
techniques (H. F. Hills; H. Schardin; J. Dyson), 
and of an optical system that combined some of the 
advantages of phase-contrast and schlieren systems 
(R. Bouyer and C. Chartier). There was also an 
elegant new method described for extending the 
range of schlieren systems utilizing the moiré patterns 
that can be obtained by the use of two separated 
grids (T. Fromme). 

Rotating mirror cameras. Several new cameras 
were described (B. Brixner; A. E. Huston; T. 
Uyemura; L. Zernow and G. E. Hauver; J. 
Tchernyi), and there was a vigorous discussion of the 
limitations of such systems from considerations on 
one hand of diffraction limits and the ultimate 
strength of materials, and on the other by the tech- 
nical difficulties of manufacture of components of 
sufficient quality. Prof. H. Schardin showed that for 
rotating-mirror framing cameras and streak cameras 
the product of the framing-rate and the number of 
lines resolved across the frame in the direction of 
movement of the image could not with present 
materials be made higher than 4 x 10° sec.-1. One 
thus has a valuable criterion for assessing the per- 
formance of a camera by seeing how nearly this limit 
is approached. It became evident from the discussion 
that one might considerably surpass this limit if one 
took advantage of the principles of image dissection 
or the increased sweep-rate with image-converter 
cameras, and might well go even further by com- 
binations of dissection and image converters. 

Medium repetition-rate cameras. Cameras. were 
described that showed considerable advances ‘n 
resolution, and consistency of operation even under 
adverse conditions (B. W. Allwood, J. R. Bouffler, 
B. B. E. Death and D. Jones; J. H. Waddell; R. 
Herden; P. B. N. Nuttall-Smith) ; and also a system 
that allowed rapid acceleration of a loop of film to 
avoid the long delay and film wastage that often 
occurs in more conventional equipment (M. B. 
Prudence). 

Applications to fluid dynamics. Papers were pre- 
sented describing installations for studying flow in 
wind tunnels and in water (H. P. Liepman and J. B. 
Cooper; F. Friingel, E. Baillitis and W. Thorwart), 
in shock tubes (H. Schardin), and water entry tanks 
(E. G. Richardson). Methods were described for 
studying droplet formation (J. G. A. de Graaf; 
R. P. Fraser and N. Dombrowski) and jet dis- 
integration (Y. Kumano). An interesting series of 
pictures was presented which showed the extra- 
ordinary differences in the detail that were visible 
with different methods of illumination (R. P. Fraser 
and N. Dombrowski). This was a salutary reminder 
that one must not assume that things are not there 
if they cannot be seen on a photograph. Attention 
to the details of the technique can perhaps make 
them evident. 

Review papers. Colonel P. Naslin opened the tech- 
nical sessions of the Congress by presenting a paper 
on the state of the art. As his main topic he drew 
an analogy between the practices and principles of 
high-speed photography on one hand, and the 
developments in control and information theory on 
the other. One may record continuously the variation 
of amplitude of one or another of the parameters, or 
one may sample the value of a number of parameters 
at a given instant (as in ordinary intermittent- 
movement ciné cameras). One may, however, sample 
in other dimensions, and dissection systems are 
typical of this. One might also sample, quantize, 
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code, or multiplex other variables, so that one could 
raise to the maximum the rate of recording of those 
features of the incoming information that are most 
relevant. A consideration, then, of the similar 
advances in communication theory can stimulate 
advances in the whole field of high-speed photo- 
graphy. 

A review of the work of the Congress was presented 
on the last day (J. S. Courtney-Pratt). Advances in 
particular techniques were commented upon. Trends 
of design were indicated. A summary was given of 
the emergence of principles of assessment with 
emphasis on the contributions, mentioned above, of 
Colonel Naslin and Prof. Schardin. 

An exhibition was held in conjunction with the 
Congress, and a review has been prepared by A. R. 
Michaelis. This was by far the most comprehensive 
display of equipment for use in high-speed photo- 
graphy that has ever been held in Britain, and 
included exhibits from commercial firms, from 
government departments, and from universities, 
ranging from equipment that could be bought ‘off 
the shelf’ to-research equipment that is in the process 
of development. It was significant that equipment 
that was described for the first time at the Congress 
in Paris is now in use at a number of laboratories and 
was on display at this Exhibition. 

The published Proceedings of the Congress, in- 
cluding the review papers and summaries of the 
discussion and a brief description of the Exhibition, 
will be available from Butterworths Scientific Pub- 
lications, London, in January 1957. 

At the Congress the range of topics covered 
indicates the growth and breadth of the subject. 
Photographic methods are among the most powerful 
of the tools we have. The study even of processes we 
think of as slow requires short e and high 
repetition-rates when the interest is in the fine detail ; 
and more and more we must rely on the techniques 
of high-speed photography. For studies on the 
microscopic scale the problem is accentuated, and we 
must take advantage of the most advanced and 
elaborate of the new techniques, and also must 
apply research and development effort to the im- 
provement of these techniques. The ever wider use 
of high-speed photography in research and industry 
is a foregone conclusion, and it is as certain, too, that 
this will contribute to more rapid progress in science 
and technology. J §S Courtney-Pratr 


THEORETICAL CONSIDERATIONS 
ON GRINDING 


SYMPOSIUM consisting of five papers on various 

aspects of grinding was held by the Institution 
of Chemical Engineers at the Roya! Institution on 
November 7, under the chairmanship of Mr. A. S. 
White. 

The first paper, by Dr. H. E. Rose (King’s College, 
London), dealt with an attempt to predict the 
principal features of ball-mill behaviour from purely 
theoretical considerations. The basis of the method 
is to use suitable probability functions to compute 
the probability of a particle entering a ‘zone of 
operation’ around a contact point between a pair of 
balls and to compute the probability of occurrence of 
some process after the particle has entered this 
‘zone’. 
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From this reasoning it is possible to predict 
number of features of ball-mill performance which, 
although they have been observed in practice, have 
not, so far as is known, been predicted theoret rally, 
From such considerations it was suggested tht, in 
certain circumstances, the ball-wear may be re:iuced 
by the use of softer metal ; that the rate of gri ding 
may be increased by the use of a reduced powder 
charge in the mill, although this can only be accom. 
plished at the expense of increased rate of metal 
wear ; and that the relationship between the siirface 
produced and the time of milling is a function of the 
relative hardness of the balls and the material »eing 
ground, 

A second paper by Dr. Rose was an attem)t to 
analyse the performance of a vibration mill, by the 
application of the method of dimensional analysis ; 
the justification of this paper being that the vibr.:tion 
mill appears to offer the possibility of very -apid 
milling of certain classes of materials which are 
otherwise difficult to pulverize. 

The treatment has led to the conclusion thai the 
rate of grinding in a vibration mill varies as a fairly 
high power of the frequency and of the amplitucie of 
the vibration ; furthermore, the exact relationship 
between the rate of grinding and the frequency and 
amplitude depends upon whether the energy to 
produce new surface or the limiting stress in the 
particle is the criterion for comminution. 

By analysis of the published data, it was shown 
that the rate of grinding is proportional to the 
density of the ball material, and that the maximum 
rate of grinding is achieved when the powder in the 
mill is just sufficient to fill the space between the 
balls. 

A paper dealing with the application of the 
principle of similarity to mills and to the grinding 
process was presented by Prof. A. H. M. Andreasen 
(Royal Technical University, Copenhagen). 

In this paper it was shown that geometrically 
similar jaw crushers, cone crushers and similar 
machines, in which the stressing of the particle is 
brought about by mechanical means, will operate at 
the same efficiency regardless of size, but the through- 
put will vary as the cube of the size. For edge-runner 
mills, however, in which the stressing of the particle 
arises from gravitational forces, the throughput and 
energy consumption both vary as the square of the 
linear dimensions when the peripheral speed is con- 
stant ; and as the cube of the size when the speed of 
rotation is fixed. With hammer mills, the condition 
for similarity is that the peripheral velocities must 
be constant irrespective of size and, under this 
condition, the production will vary as the square of 
the size of the mill. 

For mills in which the inertial forces are produced 
by gravity, for example, the ball mill, the condition 
for similarity is that the densities of the grinding 
media shall vary inversely as the scale ratio of the 
machines. Since such materials are not available, 
true similarity cannot be maintained, and this is 
probably the reason why very small ball mills are 
not usually very successful. 

When dealing with the principle of similarity 
applied to the crushing process, Prof. Andreasen 
showed that his experiments gave rise to orthogonally 
affine undersize curves for the product and, further- 
more, it was shown that such curves would be 
predicted from an -analysis of the fracture 
pattern obtained when solid bodies are crushed in a 
press. 
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From the results of experiments and considerations 
of similarity, it was shown that the expression 
E-ClnF,4/F, is the relationship connecting the 


enerzy input to the particle and the increase of fine- 
ness; J being the energy expended, C is a constant 
depending on the material, and F, and F4 are the 
fineness before and after crushing, respectively. This 
expression is, of course, identical with that usually 
known as ‘Kick’s Law’; but Prof. Andreasen sug- 
gested that the theoretical basis of the expression is 
not sufficiently well established to justify its designa- 
tion as a ‘law’. 

In the fourth paper, Mr. J. A. Holmes (Atomic 
Energy Research Establishment, Harwell) intro- 
duced @ new law of comminution based upon a 
modification of Kick’s Law. As a basis for this 
work, Mr. Holmes explained that materials which 
are milled commercially are rarely homogeneous 
and that,"sinee in such materials the forces resist- 
ing disruption of the particle range from weak 
van der Waals forces to strong chemical bonds, the 
strength of @ particle will depend upon the type of 
forces operative; the strong chemical bond being 
operative in the small particles, whereas van der 
Waals forces hold the particles together in a hetero- 
geneous material. ‘This would suggest that a modified 
form of Kick’s Law would be B = kD'; and this 
in turn leads to the equation 


~ wa -(2)7] 2%) 

W wi. (5 a 

where W is the work input necessary to reduce the 
feed from size F to a product of size a, W; the work 
input necessary to reduce material from an infinite 
size of feed to a product of 100 micron size, R is the 
reduction ratio, and r is an index which depends 
upon the characteristics of the material and the 
crushing system. When r = 4, this equation reduces 
to that of Bond’s third theory of comminution. 

It was then shown that, for grinding tests in a ball 
mill, the value of the work index, Wj, as calculated 
by the proposed formula is more nearly independent 
of the size of the material undergoing grinding than 
is the case when the calculation is based on Bond’s 
equation. The value of the index r, however, varies 
from one material to another. 

The fifth paper, by Mr. J. A. Holmes and Mr. 
S. W. F. Patching (Atomic Energy Research Estab- 
lishment, Harwell), was introduced by Mr. Holmes, 
who explained that it dealt with a preliminary 
investigation into the differential grinding of mixed 
minerals. It has been shown that the specific rates 
of reduction of the components of a mixed feed are 
lower when the components are ground together 
than when they are ground separately. The ratio of 
the specific rates of reduction of the two components 
when ground together is not, however, greatly 
different from that when the materials are ground 
separately. 

Equations have been developed by means of which 
the circulating load of each component in a two- 
component mixture, undergoing grinding in a ball 
mill, may be computed from the total circulating 
load, the ratio of the specific rates of reduction of 
the components and their proportions in the feed. 

It was suggested that a useful field of application 
of these equations is in the determination of the 
specific rates of reduction from analyses of the 
circulating load fractions. 

When opening the discussion, Dr. H. Heywood 
(Imperial College, Loridon) stated that in tests upon 
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ball mills of various sizes he has found that the 
maximum rate of grinding occurs when 80-90 per 
cent of the space between the balls was filled with 
powder, this result being roughly in accord with the 
result deduced by Dr. Kose in his first paper. Dr. 
Heywood also showed that the results of recent 
investigations on crushing of various materials 
suggest that the energy necessary to produce unit 
increase of specific surface depends upon the energy 
density in free crushing and upon the type of crushing 
device employed. 

Mr. W. F. Carey emphasized that the crushing 
process is complicated and cannot well be dissociated 
from the type of crushing plant used. In this con- 
nexion he pointed out that the new equation for 
crushing, developed by Mr. Holmes, gives slightly 
more consistent values of the work index than does 
that of Bond; but the new equation is based on 
tests on ball-mills only, whereas that of Bond was 
developed from tests on a wide range of crushing 
machinery. 

Mr. Carey also suggested that experimental veri- 
fication of the assumptions underlying the theory of 
the ball mill, developed by Dr. Kose, would be of 
value since, although the validity of some of the 
basic assumptions is open to doubt, the theory 
appears to lead to a number of interesting con- 
clusions. 

Mr. E. J. Pryor also emphasized that the crushing 
process must be studied in connexion with the type 
of crushing apparatus used and that, in common 
with those of other workers, his own experiments to 
deduce a law of comminution have produced results 
which are so complicated as to defy analysis. He 
showed that some of the energy supplied to a 
mill may be expended in bringing about chemical 
changes in the material being ground ; examples of 
copper ore in which the copper compound has been 
changed to one having a higher energy-level at the 
points where the balls rub the material being shown. 

It was also considered that undue claims have been 
made for the vibration mill, and that an accurate 
assessment of the potentialities of these machines is 
necessary. 
Mr. W. C. Peck pointed out that in some appli- 
cations the superiority of the vibration mill lies not 
in increased rates of milling over the conventional 
mill but in some incidental advantages. For example, 
in the milling of tungsten carbide, the cobalt is more 
evenly distributed over the particles, which leads to 
an improved product, while some pigments give a 
‘stronger’ tint when so milled. 

Mr. R. M. E. Sullivan said that he has carried ‘out 
experiments on the crushing of glass spheres by use 
of a drop-hammer, and he could confirm the state- 
ment of Mr. Pryor that the results are of such com- 
plexity as to defy analysis, and also the findings of 
Prof. Andreasen that the product undersize curves 
are orthogonally affine. He is therefore of the 
opinion that the problem of comminution requires 
detailed fundamental investigation. 

Mr. Sullivan also said that he has re-calculated 
some results of tests on a vibration mill, quoted by 
Bachmann, and found that they confirm the deduc- 
tion, made by Dr. Rose, that the rate of milling 
varies as the fifth power of the frequency of vibration. 
This result shows that, at least for limestone, the 
critical stress is the criterion for comminution. 

Dr. G. A. H. Elton asked whether the theory of the 
ball mill, proposed by Dr. Rose, would be valid for 
the milling of a polydisperse material composed of 
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non-spherical particles, and, in reply, Dr. Rose 
pointed out that some of the theoretical conclusions 
are supported by published results relating to the 
milling of chert and dolomite, both of which are 
non-spherical and polydisperse, and so, at least as a 
first approximation, the theory appears to be applic- 
able to such materials. 

Mr. R. L. Brown showed that, by the use of matrix 
algebra, the performance characteristics of a closed- 
circuit milling installation may be deduced from the 
relatively simple performance characteristics of the 
elements of the system. Such methods, however, 
demand an accurate knowledge of the performance 
characteristics of the elements, and in this con- 
nexion accurate laws of comminution are desirable. 
The existence of an inter-relationship between the 
various elements of a mill installation at once raises 
the question of the extent to which the ‘laws’ found 
by experiment are dependent upon the nature of the 
material undergoing treatment and upon the charac- 
teristics of the plant involved. 


REACTIONS AND STRUCTURE 
IN CARBOHYDRATES 


SYMPOSIUM on “Newer Interpretations of 

Reactions- and Structure in Carbohydrate 
Chemistry’ was held under the auspices of the 
Chemical Society on November 1, in the Chemistry 
Department of University College, London. There 
was a large and interested audience composed mostly 
of the younger chemists. It was a particular pleasure 
to note the presence of Prof. C. K. Ingold, host to 
the meeting, and of Prof. E. L. Hirst, president of 
the Chemical Society. 

Dr. G. R. Barker, the organizer of the symposium, 
was in the chair for the afternoon session, when the 
opening speaker was Prof. E. J. Bourne (Royal 
Holloway College, London), who discussed some 
physical methods used in the determination of 
carbohydrate structures. He first outlined the con- 
tributions which infra-red analysis recently carried 
out in the University of Birmingham can make to 
the solution of many problems encountered in carbo- 
hydrate chemistry. Among the applications are the 
direct comparisons of unknown samples with 
authentic specimens, analyses of mixtures, determ- 
inations of hydrogen bonding and degrees of crystal- 
linity, detection of substituents and of water of 
crystallization, etc. In suitable cases, infra-red 
techniques provide information on configuration, 
conformation, ring size, anomeric state and positions 
of glycosidic linkages in polysaccharides. The 
assignment of the more important vibrations was 
considered. Preliminary results in studies of the 
Raman spectra of ring systems in carbohydrates and 
their derivatives were presented. Reference was 
made to Dr. D. H. Whiffen’s theoretical inter- 
pretation of optical activity in carbohydrates and to 
its possible applications in future work. 

Dr. J. C. P. Schwarz (University of Edinburgh) 
then spoke on conformational ideas applied to tosy] 
esters and three-membered oxide rings. In certain 
carbohydrate derivatives, equatorial hydroxyl groups 
are tosylated more readily than axial hydroxyl 
groups. Replacement reactions of primary sul- 
phonyloxy groups (for example, tosyl esters) with 
sodium iodide, sodium hydroxide, lithium aluminium 
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hydride, and other reagents probably proceed py 
Sy2 mechanisms with carbon-oxygen fission. In the 
absence of participation of neighbouring groups, 
carbohydrate derivatives containing secondary sul- 
phonyloxy groups attached directly to a ring are 
generally much less reactive than primary sul. 
phonyloxy compounds, and sulphur—oxygen fission 
is usually involved in their reactions with socium 
hydroxide or lithium aluminium hydride. 

The relative reactivities of various tosyloxy «om. 
pounds are influenced by two types of steric e/icct, 
namely, hindrance encountered by the inconiing 
group and changes occurring in the non-bonded 
repulsions between substituents as the molecule 
passes from its initial state to the transition state. 
The first type is illustrated by the behaviour of the 
2 : 5-di-O-tosyl-1 : 4-3 : 6-dianhydro hexitols, and the 
second is important in elimination and cyclization 
reactions which involve groups attached to a neigh. 
bouring carbon atom. The migration of three. 
membered oxide rings was discussed at some length. 

Dr. A. B. Foster (University of Birmingham) then 
followed with a paper on conformational aspects of the 
formation and reactions of certain cyclic derivatives 
of carbohydrates. A number of reactions in carbo- 
hydrate chemistry are amenable to conformational 
analysis. Those particularly discussed were: (i) 
preferential formation of certain cyclic acetals in the 
reactions of aldehydes and polyalcohols in the 
presence of acid ; (ii) the position of the equilibrium 
established in aqueous acid between a hexose and its 
1 : 6-anhydro-pyranoside derivative ; (iii) the remark- 
ably facile isomerization undergone in the presence of 
acid by derivatives of certain 3 : 6-anhydrohexo- 
pyranosides ; and (iv) a number of novel steric effects 
which have been encountered in the study of the 
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reaction of borate ions with pyranoside derivatives.” 


Some of these were explained by postulating the 
participation of boat forms of the carbohydrate in 
the reaction with borate ions. The discussions of the 
two papers were taken together. The speakers, 
particularly Dr. Schwarz, were bombarded with 
questions, and conformational analysis was evoked 
to explain various other reactions, including some 
biochemical changes. 

The chairman for the evening session was Prof. 
M. Stacey. Dr. W. G. Overend (Birkbeck College, 
London) gave a valuable paper on the hydrolysis of 
glycosides. The acidic hydrolysis of O-glycosides and 
glycosylamines was discussed from the point of view 
of various factors such as the variation of the glyco- 
sidic substituent ; configurational change at the 
glycosidic centre; variation of substituents on the 
glycopyranosy! residue and alteration in the size of 
the sugar ring. Conformational and mechanistic 
aspects of glycoside hydrolysis were outlined, and 
consideration given to the formation and hydrolysis 
of glycosyl phosphates and to the transglycosylation 
reaction. 

The final comprehensive paper was given by a 
distinguished guest from Ottawa, Dr. R. U. Lemieux 
(University of Ottawa), who discussed reactions at 
the anomeric centre of acetylated glycopyranosy] 
acetates and halides. The reactions appear almost 
invariably to involve participation of either the ring- 
oxygen atom or the C(2)-substituent. The partici- 
pations strongly affect the stereochemical route of 
reaction and appear to impose the half-chair con- 
formation on the pyranose ring of the intermediate 
state. A consideration of the interactions between 
non-bonded atoms in the half-chair conformation of 
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the intermediate state appears to be more fruitful in 
the rationalization of observed effects of configuration 
on reactivity than are similar considerations based 
on the conformation of the reactant in the ground 
state. 

The use of proton magnetic resonance spectro- 
scopy for establishing the conformations of sugar 
acetates was briefly discussed. 

The .symposium altogether was a lively and 
stimulating affair, and in the closing remarks the 
chairman commented on the increasing importance 
of applications of these newer interpretations of 
carbohydrate reactions in the ever-widening field of 
biochemistry. 


No. 4548 


ASSOCIATION OF SCHOOL 
NATURAL HISTORY SOCIETIES 
EIGHTH ANNUAL EXHIBITION, 1956 


Ree eighth annual exhibition of the Association 

of School Natural History Societies was held at 
the British Museum (Natural History) on October 20. 
Mr. Eric Hosking, who is a founder-member of the 
Association, gave a lecture on “Birds in Action” 
before an audience of 150 children. This was illus- 
trated by a selection of magnificent photographs of 
birds, for which Mr. Hosking is rightly famous. By 
means of electronic flash and occasionally with the use 
of a specially designed photo-electric camera release, 
some remarkable pictures had been obtained. 

After the lecture, the exhibition was opened to 
members and to the public. A notable feature of 
this year’s exhibition was the reduction in the 
number of charts and diagrams coupled with an 
increase in live exhibits. While it is true that the 
tabulation of results and their presentation in graphic 
form is an admirable, if not essential, way of sum- 
marizing field work, it is also true that this practice 
often makes a dull exhibit. Nine out of the twelve 
items displayed by Bishop’s Stortford College were 
living exhibits, including an elaborate reconstruction 
of a portion of a refuse dump. In another exhibit 
were specimens of the white-lipped hedge snail 
(Cepea nemoralis), showing the many variants of 
shell-marking. African clawed frogs, reared at the 
school, made an interesting contrast to familiar 
British amphibians. Other examples of living fresh- 
water animals were shown by Oundle School, Felsted 
School and Lord Wandsworth College, Hants. The 
latter school displayed also a home-made portable 
instrument for the field measurement of salinity in 
salt marshes. This operated by measuring the elec- 
trical conductivity of the water contained in a long 
polythene tube. The study of the natural history of 
mammals is a subject which has been sadly neglected 
by the majority of naturalists. It was therefore 
encouraging to see that Kimbolton School, Hunts, 
had begun a scheme of trapping and marking small 
mammals. A number of living small rodents was 
displayed. 

Marine studies had been undertaken by Dulwich 
College, which displayed a large collection of marine 
algae and a shore transect illustrating the zonation 
of these species on the sea-shore. Similar work was 
described by Ackworth School, Yorkshire. 

A pupil of Bishop’s Stortford College had prepared 
@ model to illustrate the trapping of moths at a 
mercury-vapour light trap. A relief model of an area 
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of countryside, above which bird flight-lines were 
indicated, showed that whereas some species of bird 
preferred to fly along the valleys, other species tended 
to fly in a direction perpendicular to the contour 
lines. Limehurst Natural History Society (Garendon 
School, Loughborough, Leics.) displayed models, 
photographs and charts which described their island 
nature reserve and the wild life found there. 

Lepidoptera were not so prominent in the exhibi- 
tion as they were last year. Several schools showed 
a few in connexion with their other exhibits, but the 
collection shown by Tonbridge School was the most 
comprehensive. 

Geology was represented by a soil profile across an 
area of poor fen, exhibited by Cranbrook School, and 
a selection of rock samples and fossils from an iron- 
stone cutting brought by Uppingham School. Also 
included in their exhibits were owl pellets and kestrel 
pellets, whole and dissected. Owl pellets were featured 
in the displays by Oundle School, and the William 
Grimshaw School, London. The latter school had 
prepared a complete demonstration of the various 
stages in the dissection of a pellet, culminating in 
the ‘reconstruction’ of most of the skeleton of an 
individual vole from bones found in a single pellet. 

It was announced that further exhibitions have 
been arranged in Leicester (November 24) and Leeds 
(May 11, 1957). Other meetings are being planned 
to take place in Exeter and Manchester. Further 
details of these meetings can be obtained from O. N. 
Bishop, Hon. General Secretary, A.S.N.H.S., 115 
Shelly Road, Exmouth, Devon. A special edition of 
the Exhibition Catalogue is available (10d., including 
postage), which contains a full list of exhibits, a list 
of members and their addresses, and the annual 
reports of the committee. 

In addition to those displays put on by member 
schools there were a number of guest exhibitors. The 
Amateur Entomologists’ Society, the Royal Society 
for the Protection of Birds, the School Nature Study 
Union and the Universities Federation for Animal 
Welfare displayed their publications. The Children’s 
Centre showed material illustrating their Saturday 
morning activities ; a scale-model of a small portion 
of Epping Forest was particularly noteworthy. 

O. N. BisHop 


EXPEDITION TO THE SALMON 
AND LEDUC GLACIERS 


pe expedition to the Salmon and Leduc Glaciers 
was organized in 1956 by the University of 
Toronto under the leadership of Prof. J. A. Jacobs 
at the request of the Defence Research Board and 
the National Research Council of Canada. Eleven 
men took part, and the expedition lasted from the 
middle of May until the end of August. 

The Salmon and Leduc Glaciers, which are situated 
near the coast of British Columbia opposite the 
southern tip of Alaska (approximately lat. 56° 10’ 
N., long. 130° 15’ W.), were chosen since they lie 
between the glaciers from the Juneau ice field to the 
north and those of the Washington Cascade and 
Olympic Mountains to the south, on which a con- 
siderable amount of work has already been done. 
The area is also interesting since the Granduc ore 
body lies in the mountains surrounded by these and 
other glaciers. 
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The objectives of the expedition, which forms part 
of Canada’s glaciological programme in the Inter- 
national Geophysical Year, were two-fold: to train 
men and test equipment for use on the Canadian 
expedition to Northern Ellesmere Island next year, 
and to obtain information about British Columbia 
glaciers. 

The whole area around the Salmon Glacier was 
surveyed and a map of the glacier and surrounding 
terrain is being prepared by Mr. K. Arnold. The 
main part of the programme was given over to 
extensive seismic and gravity surveys. The seismic 
programme was organized by Dr. R. R. Doell (Massa- 
chusetts Institute of Technology) and Mr. J. R. 
Weber (University of Alberta). In all, 354 profiles 
were shot, the work being greatly facilitated by the 
Granduc Mining Company, which provided air-borne 
support and the loan of a ‘sno-cat’ tractor. The 
depth of ice was generally found to be about one- 
half the width of the glacier, amounting to 2,000- 
2,400 ft. 

Dr. F. S. Grant (University of Toronto) organized 
the gravity work. At first the survey was carried out 
in loops tied to a chained and levelled base-line 
which extended over twenty miles along the Salmon 
glacier and adjoining snowfields with stations every 
600 ft. As the firn line receded, severe crevassing 
made the work difficult and a survey was carried out 
using two transits located on adjacent mountains, 
controlled by a system of visual signals. The survey 
was accurate to about 2 ft. in 10,000 ft. 

Absolute movement of the glacier surface -was 
determined from the movement of stakes and was 
of the order of 8 in. a day. Samples of ice at various 
depths down to 80 ft. were collected for an analysis 
of their tritium content. Mr. G. Falconer (University 
of Toronto) also carried out geomorphological studies. 
The-rest of the party was made up of graduates and 
undergraduates from the Universities of British 
Columbia and Toronto. The results of the various 
projects are being prepared and will be published in 
detail later. A second expedition is planned for the 
summer of 1957, to extend the present investigations 
and also to undertake other glaciological studies, 
including micro-meteorology. 


THE RADIO RESEARCH STATION 
REPORT FOR 1955 


HE Radio Research Organization of the Depart- 

ment of Scientific and Industrial Research has 
for many years past been the main centre of research 
in Britain on the propagation of radio waves; and 
both civilian and defence users of telecommunications 
look to the Radio Research Station increasingly for 
advice. The work is not, however, confined to the 
study of propagation, and during recent years atten- 
tion has been given to investigations of materials 
used in radio components and equipment, and to the 
development of accurate methods of measuring power 
and field-strength at increasingly high frequencies. 
The report on this and the related work carried out 
during the calendar year 1955* comprises a general 
review made by the Radio Research Board, signed 


* Department of verge 4 —_ Industrial Research. Report of the 
Radio Research Board with the Report of the Director of Radio 
Research for the Year 1955. Pp. iv+56+1 plate. (London: H.M.8.0., 
1956.) 3s. 6d. net. 
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by the chairman, Sir Noel Ashbridge, together \ :th 
@ more detailed report on the work by Dr. R. L, 
Smith-Rose, director of radio research in the Dep. rt. 
ment of Scientific and Industrial Research. 

The report describes, with the aid of a plan, he 
new building which has been under construction at 
the Radio Research Station, Ditton Park, Slow :h, 
and has been occupied during the present year. ‘| iis 
provides improved facilities for research and devel. ))- 
ment of the laboratory type, while retaining sc ne 
two hundred acres of agricultural land for field wok. 
In addition to this central establishment, the org.:n- 
ization maintains other observatories for measu:+ 
ments on the ionosphere and on atmospheric noise 
at Inverness, Singapore and at Port Stanley in ‘he 
Falkland Islands. The latter station also works in 
close co-operation with a similar observatory at P. rt 
Lockroy, Graham Land, which is staffed by tie 
Falkland Islands Dependencies Survey. Some of the 
work on wave propagation and also on the properties 
of materials is carried out, by contract arrangemei:ts 
or otherwise, with various research workers at 
University College, Ibadan, and with university 
groups at Cambridge, Edinburgh, London, Man- 
chester and Swansea. 

Research on wave propagation. The work conducted 
on radio wave propagation has been extended over a 
very wide range of frequencies, from about 10 kc./s. 
to several thousand megacycles per second. At the 
low-frequency end of the range, investigations are 
being conducted into the time and space variations 
of the phase and amplitude of the field received from 
a transmitter, since a detailed knowledge of these is 
essential. to the development and full exploitation of 
long-distance radio navigational aids. At the other 
end of the spectrum, from a few hundred to several 
thousand megacycles per second, much research is 
in progress on the propagation of waves along the 
ground and through the lower atmosphere. This 
work is of great importance in connexion with the 
development of television, and also in view of the 
realization that the scattering of radio waves by 
turbulent portions of the troposphere has a practical 
application to communication by very. short waves 
over distances well beyond the normal horizon. 
Intermediate between these extremes, the trans- 
mission of high-frequency waves (3-30 Mc./s.) by 
way of the ionosphere is still being actively pursued. 
Progress has been made in the use of the back-scatter 
technique in this connexion, whereby radio waves are 
returned from a distant point by scattering from the 
ground, having undergone reflexion at the ionosphere 
on both the outward and return journeys. During 
the year under review, it was found that, in the 
winter months, echoes were received which appar- 
ently corresponded to long hops much greater than 
the usual maximum of 4,000 km. for a single-hop 
reflexion from the ionosphere. With the view of 
exploring this and some associated phenomena, 
preparations are well advanced for the experimental 
comparison of this type of back-scatter with the 
measurement of the field-strength of signals from 
radio transmitters at various distances along the 
same great-circle path. 

Research on materials. The behaviour of ger- 
manium in the form of rectangular monocrystalline 
filaments and in the form of commercial diodes and 
transistors has received a great deal of attention at 
the Radio Research Station. The noise characteristics 
of germanium are of particular interest ; and observa- 
tions have been made of the spectral density of noise 
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in filaments and in point-contact and junction 
rectifiers biased in the reverse direction. Detailed 
investigations have also been made of some of the 
physical processes involved in the behaviour of 
ransistors. 

Some of the work which has been carried out under 
contract at the Imperial College of Science and Tech- 
nology, London, includes research on the preparation 
and on properties of ferromagnetic materials. Single 
crystals of certain ferrites are in demand for funda- 
mental measurements at extremely high frequencies, 
and a crystallization technique has been developed 
for the production of small single crystals. Other 
work at the College has included the study of artificial 
dielectrics which, when used in a prismatic form, can 
be applied to the development of an antenna system 
from which the direction of the radiated beam can 
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be rapidly swung over an arc of some 15°. A greater 
beam swing is desirable for the purposes of radar 
scanning, and work is now being done on the develop- 
ment of materials which will make this possible. 

Publications. ‘The results of the research work 
described in the present report have been published 
in the technical press or in the journals of scientific 
and technical institutions; and a list of forty-one 
references to these publications is given in an appendix 
to the report. In addition, a section of the staff has 
surveyed all the published literature of interest to 
radio research workers and engineers, and nearly 
four thousand abstracts and references concerning 
work in the radio and allied fields have been pub- 
lished in the Wireless Engineer in Britain and in the 
Proceedings of the Institute of Radio Engineers in the 
United States. 


THE QUESTION OF CORRELATION BETWEEN PHOTONS IN 
COHERENT LIGHT RAYS 


By R. HANBURY BROWN 


Jodrell Bank Experimental Station, Cheshire 
AND 


R. Q. TWISS 
Radiophysics Laboratory, Sydney 


A RECENT article by Brannen and Ferguson! 
casts doubt on our experimental demonstration* 
that the times of arrival of photons, defined as the 
times of ejection of photoelectrons, are correlated in 
two coherent beams of light. These authors quote 
the null result obtained by Adam, Janossy and 
Varga’ and describe in detail an experiment which 
they have performed themselves and which also gave 
a null result. They state that the existence of such 
a correlation would call for “‘a major revision of some 
fundamental concepts in quantum mechanics’, 

This last statement is in direct contradiction to 
our own conclusions; however, further argument 
should perhaps be left until our analysis, based on 
quantum mechanics, has been published. In the 
present communication we are concerned only to 
show that the results of Brannen and Ferguson, 
together with those of Adam et al., are to be expected, 
and that they are not inconsistent with our own 
experiment. 

The optical system described by Brannen and 
Ferguson was practically identical with our own, but 
they used a different method of detecting the cor- 
relation. A beam of light from a pinhole was divided 
by a half-silvered mirror into two coherent beams 
which illuminated independent photomultipliers. 
The rate of coincidence in time between the photo- 
electrons emitted from the two photocathodes was 
measured by conventional coincidence counters and 
compared with the random rate. It was found that 
the measured rate did not differ significantly from 
the random value, and that less than 0-01 per cent 
of the photons in the two beams could be in true 
time coincidence. On the basis of a similar experi- 
ment, Adim eé al.* concluded that there was no 
evidence for correlation of photons and that less 
than 0-6 per cent could be in true coincidence. 

The theoretical coincidence-rate for these two 
experiments does not appear to have been evaluated, 
and so we have derived it as follows. The average 





number N, of photoelectrons emitted by a photoe 
cathode in unit time is given by: 


N, & Jarome(vyay = Ba(v,)no(») q) 
0 


where «(v) is the quantum efficiency of the cathode 
surface at a frequency v; ,(v) is the number of 
quanta of frequency v incident on the cathode in 
unit time and unit band-width; v, is the frequency 
of the light at which «(v)n,(v) has its maximum 
value; B is the equivalent band-width of the light 
in cycles per second. If + is the resolving time of the 
equipment and 2*N,<1, a condition which must 
apply to this technique, then the average number of 
random coincidences Uz to be expected in a time T', 


is given by: pe 
Cr = 2tN,*T, (2) 
When the light beams are correlated we have 
shown (unpublished work) that, under practical con- 
ditions, there will be an additional average number 
of coincidences Cs, where 


@ 
Cs = Fol a%(v)n X(v)dv - O(6D/2,) 
0 
and where @ is the apparent angular diameter of the 
source viewed from the photocathodes; the photo- 
cathodes are squares of size D x D; ?., is the mean 
wave-length of the light ; it is assumed that the light 
is unpolarized and that B>1/t. The quantity 
©(6)/,) is a function which represents the degree of 
coherence of the light over the area of the photo- 
cathodes and is equal to unity when (0D/A,) < 1. 
It is convenient to introduce a parameter o, the 
spectral density of the light, defined by : 


(3) 


(4) 


A(Vo)Mo(Vo)S = | a2(v)ro%(v)dv/| a(v)no(v)dv 
el 
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where o usually lies in the range of 0-5 < « < 1. We 

may now write the expected number of true time 
coincidences, which is independent of t, as 

_ NAT s . 

Cs = 5% . (0D) (5) 

It should also be noted that the ratio of the number 

of true coincidences to the random rate is given by : 


od 1 
Cg/Cr = acB* « .O(6D/A,) (6) 
and is independent of the total number of incident 
quanta. The fractional number of photoelectrons in 
true coincidence 8, is given by : 

ps gs 
de = OB 


~ 


®(6D/A,) (7) 





and is linearly proportional to the number of incident 
quanta per unit band-width. 

The root mean square fluctuation cr in the number 
of random coincidences is defined as : 


cr* = Cr* — (Cp)? (8) 


and, neglecting fluctuations introduced by the photo- 
multiplier itself, it is given by 


cr = N,(2n7',)'? (9) 


Thus the ratio of the true coincidences to the root 
mean square fluctuations in the coincidence-rate, 
which we shall refer to as the signal-to-noise ratio, is 
given by : 
ae 6D (TN?! 
Csler = a(v,)no(v»)5 +, . °>(=2) 
Vv 


/3° Xo 4c 


(10) 
or alternatively, 


ry 
| a?(v)n*(v)dv 
a 


1  6D/T,\'# 
Csier = LAREN + Yel =) (11) 


“ei (v)dv 


7 


Equation va can be compared directly with 
equations (1) and (2) of our previous paper’, which 
refers to the alternative technique of correlating the 
fluctuations in the anode currents of the two photc- 
multipliers by means of a linear multiplier. It can 
be shown that the effective resolving time of a linear 
system with a band-width 6b is given by t ~ 1/xb, 
and, if this substitution is made in our original 
equations, @ comparison shows that the two tech- 
niques give approximately the same signal-to-noise 
ratios. In making this comparison, it must be 
remembered that the equations given for the counting 
technique are only valid for the condition 27N,) < 1 

We shall now substitute the parameters of the two 
coincidence-counter equipments into the equations 
given above. The values which have been taken for 
these experiments are shown in Table 1. The band- 
width of the light is not stated by Brannen and 
Ferguson, and so we have assumed that their high- 
pressure mercury-are lamp, when viewed through an 
interference filter, gave a line-width of at least 10 A. 
at 4358 A. The value of ®(6D/‘,) depends in detail 
on the geometry of the equipment, and its calculation 
is too long to give here. In the case of Adém et al., 
we have taken the same values for B and ®(6D/),) 
as those assumed for Brannen and Ferguson ; this is 
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Table 1. A COMPARISON OF THE THEORETICAL PERFORMAN(: op 
THREE EQUIPMENTS USED TO TEST THE CORRELATION BETWERY 
PHOTONS IN TWO COHERENT BEAMS OF LIGHT 


VoL 178 








Brannen Addm, Hanbury 
and Janossy Brown 
Ferguson and Varga { and ‘'T’\ iss 
(ref. 1) (ref. 3) (ref. ©) 





Total number of 
photoelectrons 
incident per sec. Ne 
on each cathode 


Resolving time 
of the equip- Tt 
ment (sec.) 


5 x 10* 
(a = 0+1) 


100 3x 10" 
(a = 0-003) | (a = 0 15) 








5xo* | 2x10" | 10% 





A factor which 
expresses the 
degree of co- 
herence of the oD 

light over each oe =— 
cathode Ao 0-1 0-1? O05 | 


Effective band- 
width of the B > 15x10") > 15x10" 10” 
light (c./s.) (oe 1) (ao = 1) (o=0 


Fractional num- 
ber of photons 
to be expected 
in true time- 
coincidence 











pe | <17x10*] << 10% = [2-5x10- 


tion to obtain 
a significant 
correlation (3 
times r.m.s. 
fluctuation) 





} 
Time of observa- | 





- > 1,000 > 10"' 5 min. 
years years 




















*A coincidence counter was not used in thig experiment. The 
correlation was meas in a linear multiplier, using a band-width 
of about 39 Me./s. 


probably an optimistic estimate, and in practice 
their equipment was probably even less sensitive. 

The fraction p¢ ~ 4,/a(v»9) of photons to be or 
in true time-coincidence was found from equation (7) 
Brannen and Ferguson found that less than 10-* were 
in coincidence, while Adam et al. found less than 
0-6 x 10-*. It can be seen from Table 1 that the 
corresponding expected values are 1-7 x 10-* and 
10-* 

We have also calculated, from equation (10), the time 
T, for which counts would have to be observed to 
obtain a significant correlation ; a significant result 
has been defined as an excess of coincidences amount- 
ing to at least three times the root mean square 
fluctuation in the random coincidence-rate. The time 
for which Brannen and Ferguson would have to 
count is 1,000 years, while Adam, Janossy and Varga 
would have to count for 10" years. 

In our own experiment a significant result was 
obtained in about 10 min. This confirms the value of 
5 min., shown in Table 1, which was calculated 
from the equations given in our previous paper*. A 
further confirmation that our analysis is quanti- 
tatively correct is given by our recent measurements‘ 
on the star Sirius A. 

We conclude that the results obtained by Brannen 
and Ferguson, and by Adam et al., are to be expected 
theoretically and are not in conflict with our own. 
Their equipment was too insensitive to detect a 
significant correlation by at least four orders of mag- 
nitude. In the case of Adém et al., the equipment was 
too insensitive by at least seven orders of magnitude. 


1 Brannen, E., and Ferguson, H. I. 8., Nature, 178, 481 (1956). 

* Hanbury Brown, R., and Twiss, R. Q., Nature, 177, 27 (1956). 

* Adam, A., Jénossy, L., and Varga, P., Acta Physica Hungarica, 4. 
301 (1955). 

* Hanbury Brown, R., and Fwiss, R. Q., Nature, 178, 1046 (1956). 
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Brannen and Ferguson’ have reported experi- 
ynental results which they believe to be incompatible 
vith the observation by Hanbury Brown and Twiss*? 
ot correlation in the fluctuations of two photoelectric 
currents evoked by coherent beams of light. Brannen 
and Ferguson suggest that the existence of such a 
correlation would call for a revision of quantum 
theory. It is the purpose of this communication to 
show that the results of the two investigations are 
not in conflict, the upper limit set by Brannen and 
Ferguson being in fact vastly greater than the effect 
to be expected under the conditions of their experi- 
ment. Moreover, the Brown-Twiss effect, far from 
requiring @ revision of quantum mechanics, is an 
instructive illustration of its elementary principles. 
There is nothing in the argument below that is not 
implicit in the discussion of Brown and Twiss, but 
perhaps I may clarify matters by taking a different 
approach, ; 

Consider first an experiment which is simpler in 
concept than either of those that have been per- 
formed, but which contains the essence of the 
problem. Let one beam of light fall on one photo- 
multiplier, and examine the statistical fluctuations in 
the counting-rate. Let the source be nearly mono- 
chromatic and arrange the optics so that, as in the 
experiments already mentioned, the difference in the 
length of the two. light-paths from a point-A in the 
photocathode to two points B and C in the source 
remains constant, to within a small fraction of a 
wave-length, as A is moved over the photocathode 
surface. (This difference need not be small, nor need 
the path-lengths themselves remain constant.) Now 
it will be found, even with the steadiest source 
possible, that the fluctuations in the counting-rate 
are slightly greater than one would expect in a 
random sequence of independent events occurring at 
the same average rate. ‘There is a tendency for the 
counts to ‘clump’. From the quantum point of view 
this is not surprising. It is typical of fluctuations in 
a system of bosons. I shall show presently that this 
extra fluctuation in the single-channel rate neces- 
sarily implies the cross-correlation found by Brown 
and Twiss. But first I propose to examine its origin 
and calculate its magnitude. 

Let P denote the square of the electric field in the 
light at the cathode surface in one polarization, 
averaged over a few cycles. P is substantially 
constant over the photocathode at any instant, but 
as time goes on it fluctuates in a manner determined 
by the spectrum of the disturbance, that is, by the 
‘line shape’. Supposing that the light contains 
frequencies around v», we describe the line shape by 
the normalized spectral density g(v—v,»). The width 
of the distribution g, whether it be set by circum- 
stances in the source itself or by a filter, determines 
the rate at which P fluctuates. For our purpose, the 
stochastic behaviour of P can be described by the 
correlation function P(t) P(¢+ 7+), which is related in 
turn to g(v—v») by*® 


P()P(t+7) = P(1+]e]*), 


where p = fore exp 2rita dx (1) 


-2 


For the probability that a photoelectron will be 
ejected in time dt, we must write aPdt, where « is 
constant throughout the experiment. It makes no 
difference whether we think of P as the square of an 
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electric field-strength or as a photon probability 
density. (In this connexion the experiment of 
Forrester, Gudmundsen and Johnson‘ on the photo- 
electric mixing of incoherent light is interesting.) 
Assuming one polarization only, and one count for 
every photoelectron, we look at the number of counts 
ny in @ fixed interval 7’, and at the fluctuations in 
np over @ sequence of such intervals. From the above 
relations, the following is readily derived : 


np — np = n7(l + aPr,) (2) 


a 
where Tt) = J |p|*dr 


—-o 


and it has been assumed in deriving (2) that 7'> tr». 
Now aP is just the average counting-rate and tp», a 
correlation time determined by the light spectrum, is 
approximately the reciprocal of the spectral band- 
width Av; in particular, if Av is the full width at 
half intensity of a Lorentzian density function, 
t) = (xAv)-', while if Av is the width of a rectan- 
gular density function, +, = Av. We see that the 
fractional increase in mean-square fluctuation over 
the ‘normal’ amount is independent of T, and is 
about equal to the number of counts expected in an 
interval 1/Av. This number will ordinarily be very 
much smaller than one. The result, expressed in 
this way, does not depend on the counting efficiency. 

If one insists on representing photons by wave 
packets and demands an explanation in those terms 
of the extra fluctuation, such an explanation can be 
given. But I shall have to use language which ought, 
as @ rule, to be used warily. Think, then, of a stream 
of wave packets, each about c/Av long, in a random 
sequence. ‘There is a certain probability that two 
such trains accidentally overlap. When this occurs 
they interfere and one may find (to speak rather 
loosely) four photons, or none, or -something in 
between as a result. It is proper to speak of inter- 
ference in this situation because the conditions of the 
experiment are just such as will ensure that these 
photons are in the same quantum state. To such 
interference one may ascribe the ‘abnormal’ density 
fluctuations in any assemblage of bosons. 

Were we to carry out a similar experiment with a 
beam of electrons, we should, of course, find a slight 
suppression of the normal fluctuations instead of a 
slight enhancement; the accidentally overlapping 
wave trains are precisely the configurations excluded 
by the Pauli principle. Nor would we be entitled in 
that case to treat the wave function as a classical 
field. 

Turning now to the split-beam experiment, let n, 
be the number of counts of one photomultiplier in an 
interval 7’, and let n, be the number of counts in the 
other in the same interval. As regards the fluctuations 
in n, alone, from interval to interval, we face the 
situation already analysed, except that we shall now 
assume both polarizations present. The fluctuations 
in orthogonal polarizations are independent, and we 
have, instead of (2), 


An}? =n —n,? = n,(1 + $n,t/T) (3) 


where 7,/T has been written for the average counting- 
rate in channel 1. A similar relation holds for ng. 


Now if we should connect the two photomultiplier 
outputs together, we would clearly revert to a single- 
channel experiment with a count n = n, +m. We 
must then find : 








An? = n (1 + Jnz,/T) (4) 
But An? = (An, + An,)* 
= ny(1+4n,t9/T) + (1+ 4myto/T) + 2An,An, (5) 
From (4) and (5) it follows that : 
An, An, = $n,*r0/T (6) 


This is the positive cross-correlation effect of Brown 
and Twiss, although they express it in a slightly 
different way. It is merely another consequence of 
the ‘clumping’ of the photons. Note that if we had 
separated the branches by a polarizing filter, rather 
than a half-silvered mirror, the factor 1/2 would be 
lacking in (4), and (5) would have led to An, An, = 0, 
which is as it should be. 

If we were to split a beam of electrons by a non- 
polarizing mirror, allowing the beams to fall on 
separate electron multipliers, the outputs of the 
latter would show a negative cross-correlation. A 
split beam of classical particles would, of course, 
show zero cross-correlation. As usual in fluctua- 
tion phenomena, the behaviour of fermions and the 
behaviour of bosons deviate in opposite directions 
from that of classical particles. The Brown—Twiss 
effect is thus, from a particle point of view, a 
characteristic quantum effect. 

It remains to show why Brannen and Ferguson 
did not find the effect. They looked for an increase 
in coincidence-rate over the ‘normal’ accidental rate, 
the latter being established by inserting a delay in 
one channel. Their single-channel rate was 5 x 10‘ 
counts per sec., their accidental coincidence rate 
about 20 per sec., and their resolving time about 
10-* sec. To analyse their experiment one may con- 
veniently take the duration 7 of an interval of 
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observation to be equal to the resolving time. Ono 
then finds that the coincidence-rate should hb, 
enhanced, in consequence of the cross-correlation, by 
the factor (1 + +)/27'). Unfortunately, Brannen and 
Ferguson do not specify their optical band-width . 
but it seems unlikely, judging from their descri; tion 
of their source, that it was much less than 101 
cycles/sec., which corresponds to a spread in wave. 
length of rather less than 1 A. at 4358 A. Ado) ting 
this figure for illustration, we have +t, = 10-*! sec, 
so that the expected fractional change in coincidence. 
rate is 0-0005. This is much less than the statistica] 
uncertainty in the coincidence-rate in the Brannen 
and Ferguson experiment, which was about 0-0]. 
Brown and Twiss did not count individual photo. 
electrons and coincidences, and were able to work 
with a primary photoelectric current some 10* times 
greater than that of Brannen and Ferguson. It ought 
to be possible to detect the correlation effect by the 
method of Brannen and Ferguson. Setting counting 
efficiency aside, the observing time required is pro. 
portional to the resolving time and inversely propor- 
tional to the square of the light flux per unit optical 
band-width. Without a substantial increase in the 
latter quantity, counting periods of the order of years 
would be needed to demonstrate the effect with the 
apparatus of Brannen and Ferguson. This only adds 
lustre to the notable achievement of Brown and 
Twiss, 
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E. M. PuRcELL 
Lyman Laboratory of Physics, 
Harvard University, 
Cambridge, Massachusetts. 


* Brannen, E., and Ferguson, H. I. 8., Nature, 178, 481 (1956). 

* Brown, H. R., and Twiss, R. Q., Nature, 177, 27 (1956). 

* Lawson, J. L., and Uhlenbeck, G. E., “Threshold Signals”, p. 61 
(McGraw-Hill, New York, 1950). 

* Forrester, A. I., Gudmundsen, R. A., and Johnson, P. O., Phys. Rer., 
99, 1691 (1955). 


A CYTOCHEMICAL REACTION FOR NUCLEOPROTEIN 


By E. A. BARNARD and Pror, J. F. DANIELLI 
Zoology Department, King’s College, London, W.C.2 


E have recently completed a study of a cyto- 

chemical reaction for protein which appears to 
be specific for protein in a special form of com- 
bination with nucleic acid. 

When a diazonium hydroxide is applied to a tissue 
section, the following components may react: 
(1) tyrosine and histidine and perhaps tryptophan 
side-chains in proteins, for example : 


N= x _S-¢_S-ny +01 


Protein—< >—OH —> prtein—¢ 5-01 


(2) some aliphatic —NH, and -—-NH— groups to 
give triazenes ; (3) phenols, certain bases and similar 
compounds of low molecular weight ; (4) some doubt 
has existed in the past as to whether the nucleic acid 
bases might couple. They do not appear to do so 





in vitro; but the possibility exists that they might 
do so in the peculiar physico-chemical conditions 
prevailing in a tissue section. 

If, beforc the diazonium hydroxide is applied, the 
section is treated with benzoyl chloride, all com- 
ponents capable of reacting with diazonium 
hydroxides should react with the benzoyl chloride, 
so that subsequent reaction with diazonium hydrox- 
ide should be blocked. Con- 
sequently, pretreatment of sec- 
tions with benzoyl chloride 
should entirely eliminate the 
formation of chromophores. In 
fact, it does not: after benz- 
oylation there is a_ residual 
(mainly nuclear) reaction!. 

The nature of this tissue reactant which is able to 
react with diazonium hydroxide after benzoylation 
has been the object of our present study. This 
reaction sequence was first tried by Mitchell?, who 
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found that some reaction persisted, which he 
attributed to nucleic acid. The results of his reaction, 
using benzoyl chloride in aqueous sodium hydroxide, 
were not very satisfactory, but indicated that some 
interesting effects"might exist. 

To develop this procedure into a satisfactory cyto- 
chemical process the following steps were necessary : 

(1) to find conditions under which benzoylation 
pe coupling with diazonium hydroxide give repro- 
ducible coloration of the section; (2) to determine, 
by fractionation, which major tissue components 
displayed the reaction ; (3) to identify, by analysis, 
the nature of the groupings which were responsible 
for the coloration of the reactant ; (4) to determine 
the cellular distribution of the reactant; (5) to 
determine the significance of the reaction. 

‘1. Cytochemical routine. The method is normally 
applied to frozen-dried tissue, embedded in wax and 
sectioned. After removal of wax, the sections are 
fixed in absolute alcohol, washed in acetonitrile, and 
benzoylated for about ‘three hours at room tem- 
perature in dry acetonitrile containing 10 per cent 
(w/v) benzoyl chloride and one equivalent of pyridine. 
Benzoylation in this medium always goes uniformly 
and reproducibly, provided all the materials are dry. 
The sections are washed in alcohol, taken down to 
water and coupled with a solution of tetrazotized 
dianisidine in sodium veronal buffer (pH 9) at about 
4° C. for 12 min. They are washed thoroughly with 
buffer, 0-05 N hydrochloric acid and water, and then 
to enhance the colour are coupled further with a 
solution of @ naphthol, for example, $-naphthol 
(0-1 per cent in 0-5 per cent sodium carbonate) for 
12 min., all operations being carried out in the ice- 
bath. After washing in sodium carbonate solution 
and in water, the sections are taken up to absolute 
alcohol and mounted in 

2. Fractionation studies. To identify the tissue 
component responsible, tissue was treated in bulk 
using conditions comparable to those encountered in 
the sections. 2-Naphthol-3,6-disulphonic acid was 
used as the naphthol for conferring water-solubility 
and on account of its chemical stability. Isolated 
chicken erythrocyte nuclei were found to possess 
several advantages as a test material. Smears of the 
final product showed discrete nuclei similar in 
appearance to those in a treated chicken blood smear. 
Fractionation of this material involved solvent 
extraction of lipid followed by the removal of nucleic 
acid by hot trichloracetic acid or, by boiling N 
hydrochloric acid. Neither the lipid nor the nucleic 
acid extracts contained any of the dye component, 
although the acid extracts appeared to contain all 
the purines and pyrimidines present. Brief extrac- 
tion of the residue with alkali gave a highly coloured 
solution, leaving a final residue containing very little 
dye. Selective precipitation of the extract, using the 
polyelectrolyte properties of the dy v-containing com- 
ponent, separated the latter from some non-coloured 
proteins present. The dye-containing compound was 
readily soluble in slightly alkaline solution. It 
appeared to be macromolecular, and on reduction of 
the dye and hydrolysis a typical amino-acid mixture 
was obtained. The dye residue thus appeared to be 
linked chemically to a protein component of the 
nucleus, or at least to be very strongly associated 
with such a component. We have not been able to 
find lipoid, nucleic acid or polysaccharides which 
have reacted to give a coloured product. Thus it 
remained to determine which protein components 
were responsible for the reaction. 
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3. Identification of the active group (X in the 
structure) : 


CH,O OCH, 


x-Nn=n—¢ S «<> 





HO,8 


Hydrolysis of the coloured protein fraction to yield 
the dye-containing molecule was sought. Proteolytic 
enzymes proved ineffective, presumably owing to the 
benzoyl® and dye groups present. Acid hydrolysis 
under the usual conditions destroyed the dye residue, 
as did alkaline hydrolysis, although more slowly 
(compare observations of Rowe and Dangerfield‘). 
The only medium found to give satisfactory hydro- 
lysis of the peptide bonds with conservation of the 
azo links was a solution of cetyl trimethyl ammonium 
bromide (0-015 M) in 0-3 N sodium hydroxide 
solution, under reflux. This method was suggested 
by the work of Steinhardt and Fugitt®, who used 
anionic detergents in dilute acid for catalytic hydro- 
lysis. Here we may be observing a combination 
of catalytic and protective effects, the latter prob- 
ably due to binding of the cationic pole by the 
sulphonic groups of the dye residue. lon-exchange 
resin chromatography of the hydrolysate removed 
the detergent and separated’ the dye component from 
the normal amino-acids. Paper chromatography of 
the dye fraction in two solvents gave one main spot 
and a weaker one which appeared to arise from a 
small amount of destruction of the major component. 
The main spot was unchanged on further hydrolysis. 
Identification of this bis-azo compound by paper 
chromatography was difficult owing to the size and 
nature of the residue attached to X, the group 
derived from the tissue. The two azo links were 
therefore reduced with sodium hydrosulphite to give 
amino derivatives (after purification of the dye 
solution by alumina column chromatography). Paper 
chromatography of the reduction products separated 
dianisidine, an amino derivative of 2-naphthol-3,6- 
disulphonic acid, and an unknown ninhydrin-positive 
compound, having Rr 0-18 in butanol/acetic acid/ 
water (4: 1:5). Extraction of the latter compound 
from the paper and examination of its ultra-violet 
spectrum (in distilled water) showed strong absorp- 
tion only below 2350A., a spectrum incompatible 
with a derivative of tyrosine or tryptophan. Syn- 
thesis and separation on paper of 4-amino-tyrosine 
and 2- and 4-amino-histidines and comparison of 
their Ry values in different solvents and of their 
ultra-violet spectra gave results confirming the 
exclusion of tyrosine and consistent with a derivation 
from histidine. 

Prof. W. C. Price and his group at the Wheatstone 
Physics Laboratory, King’s College, kindly agreed to 
examine eluates from paper chromatograms by infra- 
red spectroscopy. Eluate solutions were evaporated 
to deposit samples on silver chloride disks. Identi- 
fication was complicated by two factors: (1) the 
tendency of histidines (but not of tyrosine) to com- 
bine with a fraction from the paper, and (2) the 
tendency of amino-histidine to polymerize. Details 
of these complications will be dealt with in another 
communication. However, the behaviour of the 
compound suspected of being amino-histidine was 
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identical with that of synthetic amino-histidine. 
Hence all the evidence examined appears to lead to 
the conclusion that the coupling reaction in the 
nucleus after benzoylation is given by histidine 
residues in a protein fraction. 

4. Distribution of the reactant. Sections of a con- 
siderable number of animal tissues having structures 
and activities of various types have now been sub- 
jected to this blocked tetrazonium reaction. The 
tissues include rat liver, kidney, intestine, pancreas, 
stomach, lung, trachea, skeletal and cardiac muscle, 
spleen, skin, cerebellum, bone marrow, ovary, testis, 
adrenal, pituitary, thyroid and Walker rat sarcoma ; 
mouse ascites cells; avian erythrocytes and other 
avian tissues. The nuclei are always consistently 
positive, showing an intranuclear distribution of stain 
which appears to be very similar to that after a 
Feulgen reaction on similar sections. Rat pancreas 
sections in which the blocked tetrazonium stain was 
photographed and then removed by titanous chloride 
reduction, and which were subsequently reacted by 
the Feulgen method and re-photographed, showed a 
superimposable localization of the two stains in the 
same nucleus. Although the cytoplasm is negative 
after benzoylation in many cases, there are certain 
sites in which it remains positive, although less 
intensely so than with coupling alone. These include 
the cytoplasm of exocrine cells in the pancreas, which 
contrast with neighbouring endocrine and connective 
tissue cells. Goblet cells in the intestinal mucosa 
(Fig. 2) ate strongly positive, although extracellular 
mucus appears to be negative. Certain other extra- 
nuclear structures in specific sites also appear to 
react to some extent, but an accurate evaluation is 
awaiting quantitative measurements. 

5. Significance of the reaction. It remains to inquire 
why the histidine residues implicated are not benzoyl- 
ated, as they are in vitro, and in the cytoplasm in 
most cases. A clue to this problem may lie in our 
discovery that brief exposure to water, for times of 
the order of one minute, prior to benzoylation 
abolishes the later coupling reaction. The positive 
reaction is shown by frozen-dried sections fixed and 
benzoylated in anhydrous media; if this condition 
is not observed, unsatisfactory results may be 
obtained. Deliberate taking down to water and 
renewed hydration after embedding in wax and 
before benzoylation give a uniformly negative 
result, which is not due to the removal of any sub- 
stance at that stage. We have interpreted the 
reaction in terms of ‘protective bonds’, which after 
dehydration exist between certain imidazole groups 
and other groups presumed to be normally in some 





Fig. 1. Rat intestine, tetrazonium coupled 
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Fig. 2. Rat intestine, benzoylated and tetrazonium coupled 


particular relation to them. These bonds protect 
imidazole rings from reaction with benzoyl] chloride 
in anhydrous medium. In more polar conditions this 
bond is labile, hence coupling can occur in aqueous 
solution. Benzoylation only occurs at this site if the 
imidazole group is first exposed by water treatment. 
Since the effect is not re-established by a second 
dehydration, we presume the elements involved were 
initially related to each other in a specific way. 

The close association shown above between this 
nuclear component and deoxyribonucleic acid sug- 
gests that a protein naturally associated with the 
acid is involved. Histidine residues could form bonds 
with nucleic acid in at least four ways: (1) with 
phosphate groups in the manner usually suggested 
for arginine and lysine (it is interesting to note that 
phosphate groups on imidazole may in some cases be 
readily transferred*); (2) by hydrogen bonding on to 
suitable partners ; (3) by chelation through a metal, 
using the specific complexing properties of the 
imidazole ring (evidence has been claimed for metal 
bridges in nucleoproteins’) ; (4) by combination with 
the pentose due to the ability of histidine to form 
strong bonds (perhaps as a special case of (2)) with 
carbohydrate in certain circumstances*. It is not 
possible to predict at present which of these bonds 
would have the properties found here, but the par- 
ticular environment concerned could well confer such 
properties even if model systems did not show them 
(cf. evidence adduced by Fraenkel-Conrat® for 
stabilization by protein structures of otherwise 
unstable bonds including some involving imidazole). 
Some simple chemical properties of the imidazole 
ring of histidine are known to be greatly affected by 
changes at the a-carbon such as incorporation into a 
peptide chain”. 

The cytoplasmic reactions mentioned, although not 
yet analysed biochemically, appear to be associated 
usually with synthetic activity and high content of 
ribonucleic acid (for example, pancreas) or with 
muco-protein secretion (goblet cells). Both these may 
well involve bonds of the type discussed, and can 
thus be fitted into the same scheme. We appear to 
be observing cytochemically an indication not of the 
stoichiometric amount of a particular substance or 
group present (an aim probably not often achieved) 
but the extent to which a particular type of bonding 
is present. The facts that the reaction appears 
normally to be limited to nucleoprotein, that the 



























°° wevw wT eS | G2 |S @& 

















4sas December 29, 1956 


shividing of the histidine from benzoylation is readily 
destroyed after fixation, and that the relationship 
between protein and nucleic acid is specific, and 
cannot be readily reproduced by mixing proteins and 
nucleic acids, lead us to believe that the reaction 
detects an interaction between nucleic acid and 
protein which may well be of major importance in 
the biological activity of the cell. It may be that 
information is derivable by these methods on such 
important consequences of nucleic acid—protein 
relationships as the genic structure of the cell and 
protein synthesis. To this end further investigation 
into the precise nature of the interactions concerned 
is being pursued. 

In conclusion, we should like to direct attention to 
the fact that the complex physico-chemical conditions 
prevailing in tissues make it impossible to predict 
with certainty which tissue components will react 
with any chemical reagent. Thus in the evaluation 
of all chromogenic techniques it is necessary to 
identify, by analysis, the tissue components which 
actually do react with the reagents used. In dealing 
with the very small amounts of material of this type 
that can reasonably be prepared, it may be found 
useful in other cases to combine ion-exchange and 
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paper chromatography with ultra-violet and infra- 
red spectroscopy, and to find methods of protecting 
sensitive residues during the often drastic degradation 
procedures necessary 

We thank Dr. L. 'G. Bell for valuable help. We are 
indebted to Prof. W. C. Price, Mr. R. Bradbury, Dr. 
M. A. Ford and Dr. G. R. Wilkinson for carrying out 
the infra-red measurements. One of us (E. A. B.) 
acknowledges financial assistance from the British 
Empire Cancer Campaign and from the Nuffield 
Foundation. 
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MORPHOLOGY OF RESTING VACCINIA VIRUS 
By Dr. D. PETERS 


Virus Department, Institute of Tropical Diseases, Hamburg 


N previous electron microscopic studies it was 

shown that pepsin tieatment of vaccinia element- 
ary bodies discloses a nucleus-like inner body!, which 
contains deoxyribonucleic acid**®. If digestion is 
performed after Chabaud-fixation, this body has an 
annular shape caused by a central depression. With 
regard to its ring-like arrangement, it was concluded 
that the material containing deoxyribonucleic acid 
could not be identified with the area of higher density 
in the centre of untreated icles**. This con- 
clusion could further be supported by studies on the 
influence of other fixatives combined with pepsin or 
papain, respectively, on ultra-thin sections and on 
material prepared by the critical point method. 
Suspensions of virus particles collected from rabbit 
skin and purified by differential centrifugation were 
used, 

In this stage of development the elementary bodies 
of vaccinia virus are brick-shaped. Material prepared 
by the critical point method* usually revealed virus 
particles attached to the film in a vertical position. 
These demonstrated more contrast (Fig. 1) than those 
attached in the usual horizontal manner. The out- 
line of vertically orientated particles revealed a 
central thickening. A stereoscopic study of inclined 
particles proved the identity of the thickening and 
the central elevation previously seen in shadowed 
elementary bodies®. Occasionally vertically orientated 
particles are also found in material prepared in the 
conventional manner’. It is important, therefore, to 
keep in mind that variations of internal structures of 
enzyme-treated particles may represent elementary 
bodies of different positions. The ratio of vertically 
orientated particles increased when drying during the 
different steps of treatment was avoided. 





Enzymatic digestion was performed under varying 
conditions of enzyme concentration, digestion time, 
salt solution and particularly pH valye. The pepsin- 
resistant annular structure was best preserved by 
fixation with ethanol—acetic acid (15:1) (Fig. 2a). 
It could also be demonstrated after treatment with 
buffered formaldehyde (pH .7-2) and occasionally in 
the unfixed state. In some virus particles which 
happened to be prepared vertically, this structure 
exhibited its lateral aspect, thus showing a bar- or 
bean-shaped outline. Buffered osmic acid (pH 7-2), 
the commonly recommended fixative for electron- 
optical purposes, rendered the elementary bodies 
resistant to pepsin treatment. This obstacle could 
be overcome by performing the pepsin treatment in 
a reducing medium like cysteine or thioglycolie acid. 
In spite of a more condensed shape of the inner body, 
the central depression was usually preserved (Fig. 2b). 
In view of the following results, it is assumed that 
some shrinkage of the inner body generally occurred, 
due to the influence of acid medium and pepsin- 





Fig. 1. Vaccinia elementary bodies fixed by —_ acid prepared 
by the critical point method ( x 50,000) 
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Fig. 2. Elementary bodies after pepsin treatment, uranium 
shadowed ( x 50,000). a, ethanol-acetic acid fixation (5 min.), 
cryst. pepsin (0-02 per cent, pH 1-5, 37°, 2 hr.); 6, osmic acid 
fixation (pH 7-2, 15 min.), cryst. pepsin (0-02 per cent, pH 2-0, 

37°, presence of cysteine (0-1 mol.); e, ethanol-acetic 
acid bunien (15 min.), cryst. pepsin (0-02 per ‘cent, pH 3-5, 37°, 
2 hr.) activated by cysteine (0-1 mol.). Note the shadow outline 


induced structural destabilization. This effect was 
more pronounced after osmic acid treatment. This 
may be explained by the fact that osmic acid does 
not cause precipitation as the aforementioned organic 
fixatives do. 

In studies on unfixed or ethanol-acetic acid fixed 
particles it was found that addition of cysteine 
extended the pH range of peptic digestion up to 
pH 4-5. From pH 2-5 onwards—to a maximum at 
pH 3-5—increasing numbers of elementary bodies 
were observed showing an additional distinct structure 
at the site of the central depression (Fig. 2c). In 
previous studies this body could only be demon- 
strated irregularly after incomplete enzymatic treat- 
ment’. Due to its position at the centre of the 
annular body, this structure represents a constituent 
of the central opaque area of untreated particles. 
The camparison of Figs. 2a, 2b and 2c demonstrates 
that shrinkage of the annular inner body decreases 
with increasing pH. 

In contrast to pepsin, papain offered the advantage 
of a more neutral reaction. Activated crystallized 
papain (Worthington) did not attack the structure of 
untreated elementary bodies. After previous de- 
naturation (fixation with ethanol-acetic acid or 
buffered osmic acid), however, a reaction took place 
at pH values above 3-2. Papain exhibited optimum 
efficiency in a citric acid medium. Up to pH 4-8 
an-annular inner body was demonstrated (Fig. 3a) 
similar to that known from pepsin treatment. It 
was rod- or bean-shaped when exposed from its 
lateral aspect. With the increased pH. value a 
lesser degree of inner body shrinkage was observed. 
The ring-like structure proved to be resistant to 
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Fig. 3. lementary bodies after papain treatment, uranium 
poe ge 50,000). a, ethanol-acetic acid fixation (15 min.), 
pa (0-2 per cent, pH 4-2, 37°, 2 hr.) activated by 
fhlogiyoe ic acid (0-1 mol.) ‘in citzats (0-1 mol. ); 6, osmic acid 
fixation (pH 7-2, 15 min.), crys (0 02 per cent, pH 7-0. 
37°, 20 hr.) activated by chivslyoohe acid (0-1 mol. ), in pure 
water r; ¢, osmic acid fixation (pH 7-2, 15 min.), cryst. papa 
(0-2 per cent, pH 6-0, na 20 hr. ) activated by poet Bui ‘0- 1 mol. 5 
n citrate (0-1 mol.) 
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pepsin, and conversely the pepsin- -induced inner body 
resisted papain treatment at pH 4-2. This is taken 
as a proof of their identity. Parallel to provious 
work with pepsin®*, the presence of deoxyribon .cleic 
acid in this structure could be demonstrated by the 
combined action of deoxyribonuclease (pH 6:() and 
papain (pH 4-2), which accordingly led to a!mogi 
empty membranes. 

Among papain-treated virus particles, some were 
always found showing the distinct structure a: the 
site of the central depression. Their number incr :ased 
with decreasing pH values. At pH 3:4, in ad: ition 
to some intact particles, only such elementary b dies 
were demonstrated. ‘I'he picture was the same as thai 
seen after digestion with activated pepsin at pli 3-5 
(Fig. 2c). Obviously, so far, there is good agreement 
between the results gained by pepsin and by pipain 
treatment. 

From pH 5-0 to about pH 9 the material conta: ining 
deoxyribonucleic acid was not protected against 
papain digestion. Almost empty membranes resiilted 
(Fig. 3c). A few of those, however, contained some 
material at the centre or two distinct small bodies, 
respectively, arranged at opposite sites of the mem. 
brane along its shorter axis. These structures were 
regularly demonstrated when particles fixed with 
osmic acid were treated with papain at a low con. 
centration and pH 7-0 (Fig. 3b). They appear to be 
identical with the aforementioned distinct structure 
which is assumed to participate in the central opaque 
zone of untreated particles. Horizontally orientated 
elementary bodies exhibited this material within the 
centre. In the vertical position, however, it appeared 
to be separated into two bodies at the rim of the 
membrane. 





vu, 4. Seattaned elementary bodies, fixed in osmic acid (pH 7:2, 

hr.), methacrylate-imbedded, pre on carbon film 

tx 130,000). a, vertical section ; orizontal section. Note 
the double outline around the core 


These results agree with the aspect of ultra-thin 
sections of virus particles derived from the same 
suspensions embedded in methacrylate. When 
examined by this method, the overall structure of the 
elementary bodies appeared the same independent of 
the mode of fixation (Figs. 4 and 5). This seemed to 
prove that the essential morphological details of this 
material have not been changed artificially by 
fixation in ethanol—acetic acid, which has been used 
extensively in our work with enzymes. A schematic 
drawing (Fig. 6) demonstrates our present knowledge. 

The double contour of the surrounding membrane 
already discerned by Morgan e¢ al.’ in extracellular 
virus particles was bést demonstrated after fixa- 
tion with buffered osmic acid and less clearly with 
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buft.rcd formaldehyde. Pretreatment with ethanol— 
acet. acid, however, produced only a single contour. 
Tho :nembrane enclosed different structures. The 
most impressive picture was gained from vertical 


trai..-sections (Figs. 4a and 5a). A rectangular core 
wit) rounded edges was found surrounded by a rim 
of hizh opacity and with an area of lower density at 
the centre. Oval, bar- or dumbbell-shaped outlines 
were observed, as previously described in connexion 


with vaccinia, fowl pox, ectromelia and molluscum 
contagiosum’*. In horizontal sections (Figs. 46 and 
5b) this material occupied the central spaces of the 
particles, its outlines following the outer membrane. 
This core appears to be identical with the nucleus- 
like annular body, which evidently contains deoxy- 
ribonucleic acid and protein, as shown in our studies 
with enzymes. Within this core and situated at the 
four corners distinct opaque round bodies were seen, 
measuring 5-12 my in diameter. These structures, 
which are omitted in the diagram in Fig. 6, are 
supposed to indicate the satellite bodies of un- 
treated elementary bodies, first described by Green 
et al.°, In sections fixed by osmic acid the core con- 
taining deoxyribonucleic acid was often surrounded 
by a double-lined membranous structure, measuring 
about 15 mp in total thickness (Fig. 45). This 
structure was less frequently observed after form- 
aldehyde and seldom after ethanol—acetic acid treat- 
ment. It is suggested that this structure which 
separates the core from an outer layer is possibly 
related to a nuclear membrane. 

The outer layer with a thickness of about 20-25 my 
followed the outlines of the core. It was filled with 
a homogeneous material of moderate electron-optical 
density. This material appears to be identical with 
the peripheral protein part of the virus which, in con- 
trast to the core containing deoxyribonucleic acid, 
is hydrolysed by pepsin, or by papain at acid 
reaction. Up to now there is no indication of the 
presence of nucleic acid in this zone. In its exterior 
part this material is in contact with the enclosing 
membrane. In the central region, however, two 
bodies of equal size are arranged in spaces between 
the protein layer and the outer membrane, thus 
producing the central elevation previously seen in 
shadowed untreated particles’. A connexion between 
these two bodies is still questionable. It is suggested 
that this material represents the enzymatically dis- 
closed central structure which is resolved into two 
separated bodies in vertically prepared virus par- 
ticles. The chemical nature of these bodies obviously 





a b 


Fig. 5. Sectioned elementary ei. fixed in a -ats acid 
(2 hr.), methacrylate-imbedded, prepared film 
(x 130,000). a, Vertical section 3°, b, horizontal section 
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Fig. 6. Schematic —— ere My and horizontal trans- 
ions (x ¢ 


is subject to variation. The susceptibility to protease 
digestion points towards a protein constituent which 
seems to be more or less protected against digestion 
in different elementary bodies of the same suspension. 

A comparison of these results demonstrates that 
all morphological details disclosed by enzymes could 
also be identified in sectioned material. Further 
support for the correctness of the concept was gained 
from particles prepared by the critical point method‘*. 
Using 100 kV., it was possible to penetrate the 
vertically attached particles so far that diffuse inner 
structures could be observed. These corresponded to 
the outlines seen in vertical sections (Fig. 1), since a 
dumbbell-like opaque core surrounded by a zone of 
lower density could be discerned. 

It is important to point out that these results 
apply only to a stage of virus development which 
predominates in suspensions after differential centri- 
fugation. Working on infected tissue, Morgan et al.’, 
and later Flewett™, differentiated between an intra- 
cytoplasmic form of particle, enclosed by a single 
membrane, and another one found near the surface 
of the host cell and in extracellular spaces, which is 
characterized by a double membrane. The latter one 
seems to be identical with the stage described in this 
work. Since we know that elementary bodies of this 
type prevail in suspensions which retain infectivity 
for a long time, it seems reasonable to interpret 
these particles as resting ones. 

Details will be published elsewhere. This work was 
supported by grants from the Deutsche Forschungs- 
gemeinschaft. The technical assistance of Rudolf 
Geister is gratefully acknowledged. . 

1 Dawson, I. M., and McFarlane, A. S., Nature, 161, 464 (1948). 

* Peters, D., and Stoeckenius, W., Nature, 174, 224 (1954): 

* Peters, D., and ———, W., Z. Naturforsch., 9b, 524 (1954). 

* Peters, D., and Stoeckenius, W., Proc. Int. Conf. Electron Micro- 
scopy, London, 1954 an the press). 

* Stoeckenius, W., and Peters, D., Z. Naturforsch., 10 6, 77 (1955). 

* Anderson, T. F., Trans. New York Acad. Sci., 13, 130 (1951). 

* Morgan, C., Ellison, 8. A., Rose, H. M., and Moore, D. H., J. Exp. 
Med., 100, 301 (1954). 

* Gaylord, W. H., and Melnick, J. L., J. Exp. Med., 98, 157 (1953). 

* Eaves, G., and Flewett, T. H., J. "Path. Bact., 68, 633 (1954); J. 
Hyg. a gt 102 (1955). 

‘© Green, , Anderson, T. F., and Smadel, J. E., J. Exp. Med., 
%, eat Re ). 

“4 Flewett, T. H., J. Hyg., 54, 393 (1956). 








1456 





LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications. 


Excitation of Luminescence in Gases by 
2—4 keV. Lithium lons 


THE excitation of part of the auroral spectrum by 
the passage of fast protons from the Sun through 
the upper atmosphere’, together with recent applica- 
tions in nuclear physics of gaseous scintillators* for 
the detection of heavy particles, has made the excita- 
tion of luminescence in gases by heavy particles one 
of increasing interest and importance. While a 
reasonable lower limit on the rate of excitation is 
the rate of ion-pair production®*, detailed informa- 
tion is not generally available on excitation processes 
and on the spectral character of the resulting radia- 
tion. The purpose of this communication is therefore 
briefly to report upon some experiments in which 
2-4 keV. lithium ions (Li*) were employed to excite 
luminescence in nitrogen, oxygen, argon and air, and 
to compare the spectral composition of the lumin- 
escence with that reported by other workers who have 
used faster particles®.*. 

A thermionic ion source, with a lithium aluminium 
silicate-coated anode, was designed, with the aid of 
a rubber-sheet gravity analogue, and constructed. 
The source produced a collimated ribbon-like beam 
of lithium ions which was used to bombard nitrogen, 
oxygen, argon and air over a pressure-range of 
5-40 microns mercury and over an energy-range 
of 2-4 keV. The luminosity produced in the gases 
by the ion beam was observed spectrographically 
(both “along and perpendicular to the beam) and 
photographed at a camera aperture of f/2 and at a 
reciprocal dispersion of 130 A./mm. at A 4000 A, 
and 1400 A./mm. at A 8000 A. Analysis of the 
microphotometer traces of the spectra enabled 
positive identification of the main spectroscopic 
features to be made. They are summarized in Table 1, 
together with comparable observations of workers 
previously cited. More detailed information on our 
experiments will be published elsewhere shortly. 

The strongest spectral features were lines of neutral 
lithium, together with lines of the neutral and ionized 
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neutral atomic oxygen in the case of oxygen, ind of 
a combination of these features in the case of gir. 
Lines of neutral and ionized argon also appeied jn 
the case of argon. Evidently, the relatively slow 
collisions between lithium ions and the target ni :rogen 
molecules resulted in (a) charge transfer in whi--h the 
lithium ion captured an electron from the m:lecule 
to become an excited lithium atom which rai iated, 
and (6) spontaneous dissociation of the res ting 
molecular ion into excited atomic and ionic com. 
ponents which also radiated : 


for example, Lit + N, > Li* + N* + N+* 
Li* > Li + hy 
N* > N + hv 
Nt*® — Nt + hv 


The absence of lines of ionized atomic oxygen in 
the case of oxygen may possibly be explained by 
the predominance of the mechanism: Lit + O,- > 
Li* + O* + O* over the mechanism Li* + 0, - 
Li* + O* + O**. For it is well known that 0.- 
ions are readily formed by oxygen in the presence of 
slow electrons (of which there must have been many 
in the source) owing to the extremely small eicctron 
affinity of the ion. 

In contrast to these observations, Car!eton* 
excited predominantly bands of N,* and the lines 
of atomic hydrogen by bombarding nitrogen with 
protons of 2-5 keV. energy, while Fan and Meinel! 
excited predominantly N, bands (together with a few 
weaker N* lines) by bombarding air with a variety 
of particles (H*, D+, He*, Net) at higher enerzies. 
They also observed N, bands which were attributed 
to secondary excitation processes associated with 
electrons. In these experiments, charge transfer 
without dissociation was assumed to be a predominant 
mechanism. Evidently there was a negligible change 
in the molecular internuclear separation during the 
collision. Thus a change in only the electronic con- 
figuration of the molecule resulted. On the other 
hand, in our experiments the collision time was not 
negligible compared to the period of internuclear 
vibration. A sufficiently violent perturbation of the 
internuclear motion resulted as to cause dissociation 
as well as electronic excitation. The influence of 
collision time, measured by the parameter f = 
(2M/V)*/%, is seen in Table 1. f measures the number 
of half-periods of internuclear vibration during which 





















































atomic nitrogen in the case of nitrogen, lines of the ion crosses the molecular diameter. (M is the 
Table 1 
S=(2M/V)'!? Spectroscopic features | 
Particle Energy half-periods Target Workers | 
(KeV.) per molecular gas 
diameter Primary Secondary 
Li’ i 2-4 0-1-0 -06 Nitrogen Lil, NaI, NI, N OI, N III lines (N,* bands) 
Oxygen Lil, O I lines Pleiter and 
Nicholls | 
Air Lil, OI, NI, NII, N If lines (N,* bands) (1956) 
Argon Lil, AI, AI, A Il lines 
HII 25 0-03 Nitrogen H I lines, N,* bands j Carleton (1956) 
40-230 0 -008-0 -003 Air H I, N II (feeble) lines, N,*+ bands (N, bands) 
D* It 75-320 0 02-0 -004 Air DI, N II (feeble) lines, N,*+ bands (N, bands) | 
Fan and Meinel | 
He* II 150-450 0 -007-0 -005 Air He I (none)*, N II (feeble) lines, N,* bands} (N, bands) (1953-655) | 
Ne** II 400 0-01 Air Ne I (none)*, N II (feeble) lines, N,+ bands/ (N, bands) 
He‘ Iit 5,300 00012 Air N,*+ bands (N, bands) | Huggins (1903-6) 
(Po a-particles) N II lines, N,*+ bands (N, bands) ae Salim 














* Note the absence of He I and Ne I lines was ascribed by Fan and a (see ref. 5) to the formation of these atoms in their ground-state by the 
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ionic mass in atomic weight units, and V is the ionic 
in eV.). When f ~ 0-1, dissociation and 
transfer predominate, and a predictable 
atomic spectrum results ; while when 0-01 < f < 
0-001, charge transfer alone results, and the pre- 
dominant spectrum of the molecular ion and the 
neutralized atomic ion is seen. 

In the experiments of Huggins’ and of Ortner 
and Salim’, spectra of the luminescence produced in 
air by very energetic a-particles from radioactive 
sources were reported. Here f ~ 0-001 and the 
predominant primary radiation appeared to be the 
N,* bands, and a few N* lines. Bands of N, were 
also observed which were probably due to secondary 
excitation from the energetic electrons produced in 
the ion-pair production along «-particle tracks. It 
should therefore be possible to predict the rough 
spectral composition of the scintillations produced 
in monatomic and diatomic gases by energetic fast 
particles from a knowledge of ion energy, gas com- 
position, energy-levels of significan‘ atoms, molecules 
and ions involved, and a rough idea of the relative 
oscillator strengths of the possible radiative trans- 
itions. Spectroscopic studies of such scintillations 
are in progress. 

This work has been performed with the assistance 
of Contract AF 19(604)1718 with the Air Force 
Cambridge Research Center. 
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' Conference on aurora and airglow, London, Ontario (1951), Geo- 
hysical Research Papers No. 30, 1954, Air Force Cambridge 
Research Center. 
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Radon Content of the Air 

In recent years it has become a practice to deduce 
the radioactivity of the air (that is, its radon content) 
from the sampling and measurement of the short- 
lived radon daughter products. This method dates 
from the beginning of the present century’. The 
unique difference between the early measurements 
and the recent ones consists in the method of sampling 
the active deposit of radon ; while nowadays deposi- 
tion on filter paper is almost exclusively used, in the 
early experiments the transmutation products of radon 
were collected on the electrode by a strong electric field. 

As for the filter-paper method, it has been shown 
by Harley* that even a molecular filter does not retain 
all airborne dust particles of submicroscopic size. On 
the other hand, the experimental results of Wilkening* 
indicate that most of the natural radioactivity in the 
atmosphere attaches itSelf to particles having dia- 
meters of 0-001—-0-04 micron, and that a predominant 
grouping of the activity occurs in the vicinity of two 
particle diameters, namely, 0-009 and 0-018 micron. 
Hence it is not surprising that the radon values for 
the atmosphere as deduced from the filter paper 
method are too low. Thus Dawson‘ finds fur January 
1950 and on the roof of St. Bartholomew's Hospital 
in London a mean value of 0-94 x 10-!* curie 
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radon/ml., and for May of the same year 0-28 x 10-4 
curie radon/ml. Dawson’s values were used very 
recently® as representative of the radioactivity of 
London’s atmosphere. Anderson et al.* have found 
by the filter-paper method on the roof of the Physics 
Department of the Royal Cancer Hospital in London 
on sunny dry days values as low as 0-02 x 10-1 
curie radon/ml.; but by comparing the filter-paper 
measurements to the direct determination of radon 
content of the air by the ionization method, they 
find that filter-paper values correspond only to 
2-3 per cent of the true value of radon content. It 
is evident that in the free atmosphere radon is not in 
equilibrium with its daughter products and that vari- 
able fractions of the whole amount of the active deposit 
are attached to the dust or smoke particles and can 
be collected by the filter paper. We have found the 
same results for the radon content in closed rooms. 

The experiments were carried out in a laboratory 
where concentrated radon solutions are prepared. 
The volume of the air in this laboratory is 39 m‘°. 
Air sarnples were examined simultaneously by the 
Schleicher—Schiill 589 filter-paper and in ionization 
chambers calibrated by a radium standard solution. 
About 140 litres of air were drawn during 15 min. 
with an average speed of 9-3 litre/min. through the 
filter paper, which was afterwards rolled on 4 Geiger— 
Miiller tube with glass walls penetrable to §-rays 
with energy greater than 0-5 MeV. An interval of 
10 min. was also allowed between the end of the air 
sampling and the first counts. Measurement of the 
active deposit was usually prolonged to 2 hr. The 
curves obtained correspond almost exactly to the 
equilibrium of radium A, B and C during the time of 
air sampling. The results of four sets of experiments 
are summarized in Table 1. 


Table 1 





10° curie/litre N (counts/min.) Y* (counts/min.) 





1-40+15 per cent 25,690 18,350 
059410 ,, 7,060 11,980 
230410 ,, 48,000 17,150 
130415 _,, 12,790 9,830 











The first column gives the content of radon 
determined by direct ionization measurement, the 
second the number N of counts 10 min. after the end 
of the sampling of the active deposit on the filter 
paper, ‘and the third the values of the second column 
reduced to the content of 1 x 10-* curie/litre and 
designated by N*. From the values of N*, it is 
clear that even in closed rooms there is no constant 
ratio between the active deposit collected on the 
filter paper and the radon content of the air. From 
these experiments and the results of Anderson e¢ al.*, 
it is evident that there is no reason for assuming this 
ratio to be a constant equal to or less than 1, as is 
frequently done. 

We thank Mr. J. Koti for technical assistance. 

F. BEHOUNEK 
M. MasEerovA 
Institute of Nuclear Physics, 
Czechoslovak Academy of 
Sciences, Prague. 
1 Schmid, E., Wiener Ber., 140, 3 (1931). 
* Harley, J. H., Nucleonics, 11, 12 (1953). 
5 Wilkening, M. H., Rev. Sci. Instr., 28, 13 (1952). 
* Dawson, K. B., Brit. J. Cancer, 6, 22 (1952). 
5 “Background Radiation. A Preliminary Literature Search’. U.S. 
Atomic Energy Commission, March 16, 1956. 


* Anderson, W., Mayneord, W. V., and Turner, R. C., Nature, 174, 
424 (1954). 
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Spectroscopic Indications of an Internal 
Spiral Arm in the Galaxy 


SPmRaL structure within our galaxy has been 
detected by three methods: (a) space-plotting of 
stellar associations', (6) multiple structure in the 
H 21 cm. radiation’, (c) multiple structure in the 
interstellar lines of Ca II and Na I in distant stars’. 
The radio method (b) has the advantage over the 
two optical methods in that it will penetrate to the 
limits of the galaxy. On the other hand, the inter- 
pretation of the radio profiles for directions within 
90° of the galactic centre is greatly complicated by 
the superposition of radiation from regions at very 
different distances which have the same angular 
velocity. By contrast, method (c) can reveal un- 
ambiguously the presence of one, two or more spiral 
arms within a light-path limited by a distant star. 
The limited light-paths used in method (c) are of 
advantage in the internal regions of the galaxy. 

In the course of work at the Radcliffe Observatory 
on velocities of southern B stars, certain stars with 
distances probably greater than 3 k.parsecs were 
selected for study at a dispersion of 19 A./mm. at 
3933 A., with the view of possible resolution of the 
interstellar K line into components due to spiral 
arms. Among the five stars listed below, three have 
been found to have two well-separated K lines, 
whereas in the other two K is seen to be resolved 
with a separation which cannot be reliably measured 
but which is of order 25 km./s. 


— with — E line 


AD me Velocities omh,) 
Star x, : 
142,468 8-1 295-6 —18 — 40 —-14 — 84: 
142,565 90 295-7 —18 — 25 —12 — 75 
147,331 89 299-8 —-30 
148,546 78 311-1 +59 
173,987 9-0 354-6 —3-7 +54: + 1: +48: 


Four stars in the longitude range 273°-289°, 
namely, HD 114,340, 122,324, 125,241, 136,239, have 
also been examined with the same dispersion but 
failed to show doubling of the interstellar lines, 
despite the fact that these stars are probably as 
distant as those with double lines and lie in longitudes 
more favourable for resolving components due to 
differential galactic rotation. 

Of the five tabulated stars with double K, four 
lie south of the galactic centre. In each case the 
low-velocity component must correspond largely to 
the Sagittarius arm. The. high-velocity component 
presumably corresponds to an interior arm which 
might be called the Scutum-Norma arm from the 
constellations in which it is probably seen tangentially. 
The radio work has already indicated that this arm 
is seen tangentially in longitude 3° at a distance 
of about 5 k.parsecs from the centre‘. No details 
concerning radio observations at longitude 295° seem 
to be available at present®. 

The negative evidence from the four stars with 
l = 273°-289° (some of which have been suggested 
by E. Smith* as belonging to a distant arm) might 
be taken as supporting the view that the Scutum- 
Norma arm does not extend beyond 290°. However, 
these stars might lie on the near side of the arm 
behind an undetectably small amount of the gas 
associated with the arm. 

The observed K velocities in the three stars 
HD 142,468, 142,565 and 173,987 can be used to 
derive Aw(R) on the assumption of circular motions. 
The calculations are rather sensitive to the assumed 
longitude of the galactic centre and to the corrections 
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for solar motion. But if the standard valu:s aro 
assumed, we find a value of 3-5 km./s./k.pars.c fop 
the low-velocity components (consistent wit: the 
predictions of the radio model for the combined « fects 
of the Sagittarius arm and of gas still nearv: the 
Sun) and for the high-velocity components 16 4. 
3 km./s./k.parsec in agreement with the mod. | for 
the more distant arm suggested by the radio obs» ryaq. 
tions at 1 = 3°. It is difficult to avoid the conc! ision 
from these observations that in the Scutum-N rma 
arm the value of Aw(R) is greater at 1 = 295° than 
at 1 = 355°. Interpreted literally, this would ji aply 
that the Norma branch is nearer than the Scutum 
branch to the centre of the galaxy, that is, tha‘ this 
arm is opening out in the direction of rotation. It 
would be weighting the meagre data too heavi'y to 
deduce that this is a property of the arm as a wile, 

A more plausible suggestion is that in front of the 

two stars HD 142,468, 142,565 we are observing a 

peculiar stream motion of the Ca IT gas. 

A. D. THACKERAY 
Radcliffe Observatory, 
Pretoria. Sept. 17. 

1 Morgan, W. W.., et al., Astron. J., 57, 3 (1952). 

*van de Hulst, H. C., Muller, C. A., and Oort, J. H., Bull. Astro. Inst, 
Netherlands, No. 452 (1954). 

* Munch, G., Pub. Astro. Soc. Pacific, 65, 179 (1953). 

“ Kwee, K. K., Muller, C. A., and Westerhout, G., Bull. Astro. Inst. 
Netherlands, No. 453 (1954). 

* Christiansen, W. N., and Hindman, J. V., Aust. J. Sci. Res., A, § 
437 (1952). Kerr, F. J., Hindman, J. V., and Carpenter, M. 8. 
Astron. J., 61, 7 (1956). 

* Smith, E., Harvard dissertation (1955). 


Radioactive Sulphur produced by Cosmic 
Rays in Rain Water 


Isorores of carbon, hydrogen and beryllium 
arising from interactions of primary and secondary 
cosmic-ray particles with the oxygen and nitrogen 
nuclei of the atmosphere have been recorded!. ‘lwo 
isotopes of phosphorus due to spallation of atmo- 
spheric argon have also been found*. We can now 
add to the list sulphur-35. 

Sulphur-35 is a beta-emitter (Zmax.=167 keV.) 
with a half-life of 87 days. Because of the low decay- 
energy, self-absorption of electrons is serious and it is 
necessary for detection to have samples of high 
specific activity. As is well known’, rain water often 
contains appreciable amounts of stable sulphur partly 
due to ocean spray, and partly to industrial con- 
tamination. Samples collected in Bombay have, on 
the average, large amounts of stable sulphur (about 
0-7 mgm. per litre). In order to reduce such con- 
tamination and thereby obtain samples with higher 
specific activity, we have used rain water from 
Banaras and from Kodaikanal. In samples from 
Banaras, which is far distant from the sea, the sulphur 
contents were low, although still about 0-27 mgm 
per litre, and detection was comparatively easy. 
Further improvement was achieved by obtaining a 
sample from Kodaikanal, which is well inland, 
7,500 ft. above sea-level and with much less industrial 
pollution. This sample coftained 0-08 mgm. of 
sulphur per litre. The results for all the samples are 
given in Table 1. Since our counter is not yet cali- 
brated for soft beta-radiation, the absolute number 
of atoms may be in error by as much as a factor of two. 
The counts per hour have been converted into dis- 
integrations/min. and stoms per litre, by taking 
account of counter geometry, window absorption, self- 
absorption, estimated chemical efficiency and decay. 
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Table 1 
Samp! Vi v2 v3 Kl 
Plas Banaras Banaras Banaras Kodaikanal 
Date of rainfall 22.7.56 23.7.56 25.7.56 19.8.56 
Size of sample (litres) 185 118 150 
Total sulphur content 
(mem.) (calculated 
1 BaSO, preci- : 
pitate) 53-2 51°8 71-4 122 
Sulphur deposited for 
nting (mgm.) 11-4 22 5-4 3-2 
ce per hr. (above 
a kground) 6448 8539 7447 754115 
Di ‘egrations/min. 
r litre 0-8 6-5 1°35 0-55 
Atoms of sulphur-35 
»c. of water 145 1,175 244 100 


lo extract sulphate from rain water we employed 
ion exchange columns containing the anionic resin, 

‘Amberlite LRA-400’, in chloride form. Sulphate was 
precipitated as barium sulphate from the eluate. 
the barium sulphate was heated in a stream of 
hydrogen* and the hydrogen sulphide evolved was 
bubbled through ammoniacal water; sulphur was 
recovered from it, as a pale yellow precipitate, by 
adding dilute nitric acid. This sulphur was deposited 
on @ l-in. diameter brass holder by sublimation and 
counted on a heavily shielded end-window counter 
which is surrounded by rings of anticoincidence 
counters. The background of the counter was 
62 + 2 counts per hour. 

To ascertain the nature of the activity, transmission 
measurements were made for each one of the samples 
by using aluminium absorbers of different thickness. 
The results, with their statistical errors, are shown in 
Fig. 1. All the samples give absorption spectra 
identical with that of artificial sulphur-35 in the 
same geometry 

Further purification of sample V1 by sublimation 
showed no change in specific activity. The values, 
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Fig. 1. Absorption spectra of sulphur samples 
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corrected for self-absorption, were 7-3 + 0-8 counts 
per hr. per mgm. before, and 7-7 + 0-9 counts per 
hr. per mgm. after, resublimation. 

In order to test the chemicals and equipment for 
possible contamination, a reagent blank was prepared 
by precipitating sulphate ions of dilute sulphuric acid 
as barium sulphate and reducing it to sulphur in the 
same apparatus. No activity was found. 

Since the activity is obtained after a chemical 
procedure highly specific for sulphur and the beta-ray 
absorption spectrum is identical with that of artificial 
sulphur-35, we conclude that the activity is due to 
that isotope. 

The mean concentration of 1-9 disintegrations/min. 
per litre for sulphur-35 obtained here is comparable to 
the value of 1-4 obtained for phosphorus-32 by Lal 
et al... This is to be expected if the isotope is 
produced by cosmic radiation in atmospheric argon 
in the same way as phosphorus-32. However, the 
possibility that some of the activity is due to sulphur- 
35 produced by nuclear explosions cannot be ruled 
out. In order to check on possible contamination by 
such explosions, long-term observations are needed. 

I am much indebted to Prof. B. Peters for his 
interest and many suggestions during this work. I 
thank also Mr. N. Narasappaya for help in counting 
the samples, and Dr. G. K. Das, Physics Department, 
Banaras Hindu University, and Mr. T. 8S. G. Sastry, 
of the Physical Research Laboratory, Ahmedabad, 
for their co-operation in collecting the samples from 
Banaras and Kodaikanal respectively. 

P. S. Gorn 


Tata Institute of Fundamental Research, 
Bombay. Oct. 19. 
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Rate of Transformation of Rhombohedral 
Graphite at High Temperatures 


THE hexagonal modification of graphite (common 
graphite) is composed of identical layers of stacking 
sequence ABAB ... , while in the rhombohedral 
modification the sequence is ABCABC ..., the 
latter modification being confirmed by Lipson and 
Stokes'. The occurrence of this modification and the 
enhancement and weakening of the X-ray diffraction 
lines belonging to it by chemical, mechanical and 
thermal treatments have been described by Hofmann?, 
who states that it is transformed to the hexagonal 
modification in a graphitizing oven in an atmosphere 
of carbon monoxide at 3,000°C. In the course of 
experiments on the thermal expansion of graphite 
by X-ray diffraction*, I observed that the correspond- 
ing lines were markedly weaker at much lower 
temperatures in vacuo. The rates of transformation 
were measured using the following improvements in 
technique. (1) Plate specimens were used in place 
of rods ; to achieve a definite degree of orientation of 
crystals, 21 mgm. of powder of Ceylon graphite of 
average diameter 0-05 mm., purified with hydro- 
chloric and hydrofluoric acids, was compressed to a 
plate 0-5 mm. thick and 6 mm. in diameter with a 
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pressure of 40 kgm. without adding any adhesive 
substances. (2) The plate was mounted on a Debye— 
Scherrer camera 20 cm. in diameter so as to bisect 
the angle between the incident and diffracted rays 
and oscillated about this angle with a half-amplitude 
of 30°. (3) Since, with cobalt K-radiation, the curva- 
tures of the diffraction lines were not large, a stepped 
absorber made by piling aluminium foils was placed 
in front of the photographic film so that the blacken- 
ing of each line was graded by known ratios, per- 
mitting more accurate determination of the intensities 
than by the use of intensity marks photographed on 
one side of a film. 

The heat treatments of the specimen plates were 
performed at 1,000°, 1,200°, 1,400°, 1,500°, 1,600°, 
1,700° and 1,800° C. and for 20 min., 1 hr., 3 hr. and 
10 hr. Use was made of a small resistance furnace 
consisting of a Ringsdorff carbon tube just permitting 
the insertion of the plate, and evacuated with an 
oil diffusion pump backed by a booster pump. Before 
use the furnace was run at a temperature of 1,800° C. 
for 10 hr. For each heating-cycle no fluorescence 
was observed in a discharge tube for vacuum testing 
after several minutes. 

The intensity curves of the diffraction patterns 
obtained with the specimens heated for 1 hr. are 
shown in Fig. 1, where scales are reduced to the true 
intensity. The integrated intensities of the 101% line 
of the rhombohedral graphite were estimated from 
these curves and the percentages of the original con- 
tent are plotted against temperature in Fig. 2. It 
will be seen that the decrease is linear in the observed 
range. An attempt was also made to obtain the rate 
of isothermal transformation as a function of time 
by the decreases of intensity of the line, but the 
dependence on time was found to be smaller than that 
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on temperature, and the accuracy of the intonsity 
measurements was not large enough for a definite 
trend to be determined. 

With Madagascar graphite flakes of 0-5-1 mm, 
diameter similar results were obtained. 


Erraro Matuyama 
Faculty of Engineering, 
Yamaguchi University, 
Ube, Japan. 
July 31. 


* Lipson, H., and Stokes, A. R., Proc. Roy. Soc., A, 181, 101 (i942), 

* Boehm, H. P., and Hofmann, U., Z. anorg. allg. Chem., 278, 5 
(1955). 

* Matuyama, E., J. Sei. Instr., 32, 229 (1955). 


Dielectric Properties of Solid Alkyl Poly. 
methacrylates 


WE have investigated the dielectric properties of 
methyl-, ethyl-, n-butyl- and isobutyl-polymeth- 
acrylates in the solid state, at temperatures ranging 
from — 30°C. to + 150°C., that is to say, above 
and below the transition temperature 7’, from the 
glassy to the rubbery state. We have measured the 
dielectric constants and losses at frequencies varying 
from 500 c./sec. to 14 Mc./sec., by means of a special 
Scherring bridge up to 500 ke./sec. and a twin 7 
apparatus for the higher frequencies. 

With the methyl-polymethacrylate we confirmed 
the results obtained by Deutsch, Wolf and Reddish! : 
the dielectric dispersion appears below the glass 
temperature 7’, and is prolonged through the trans- 
ition temperature without any discontinuity. 

With the ethyl, n-butyl and isobutyl compounds, 
the dielectric dispersion appears in the transition 
region. Above 7'g, the critical frequency f- correspond- 
ing to the maximum value ¢m” of dielectric losses was 
of the order of a few kilocycles/sec. and could be 
detected with our apparatus. If the dispersion exists 
below Ty, the critical frequencies must be much 
lower than 500 c./sec. 

By plotting log fe as a function of 1/7’, straight 
lines were obtained. The activation energies AH 
calculated from the slopes of these straight lines were 
considerably lower than the apparent activation 
energies AH, determined by the Williams, Landell, 
Ferry equation*, as can be seen from Table 1. 

















Table 1. ACTIVATION ENERGIES FOR DIELECTRIC PROPERTIES 
Alkyl Glass AH AHa 
group temperature (in k.cal.) (T =Ta+50°) 

(in k.cal.) 
Methyl 105° C. 23 73 
Ethyl 47°C. 24 55 
n-Butyl 17°C 30 46 
Isobuty! 67° ¢ 43 61 








Moreover, as the temperature is raised, the shape of 
the dispersion curve changes; a narrowing of the 
reduced dielectric losses curves (¢”/€»” against log /) 
is found. 

The dielectric dispersion appearing above 7'g for 
ethyl-, n-butyl- and isobutyl-polymethacrylates must 
therefore not be considered as a primary dispersion 
region. It is probably due to an electrically dominant 
secondary mechanism, presumably the orientation 
of the dipolar side groups ineepententty of the main 
polymer chain. 

These results will be published i in detail elsewhere. 
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| wish to acknowledge my indebtedness to Prof. 
L. de Brouckére, under whose supervision this work 
was carried out. 

G. OFFERGELD 


Laboratoire de chimie analytique et minérale, 
Université de Bruxelles. 
Aug. 12. 


tsch, K., Wolf, E. A., and Reddish, W., J. Polymer Sci., 18, 565 
(1954). 

iams, M. L., Landell, R. F., and Ferry, J. D., J. Amer. Chem. Soc., 
77, 3701 (1955). 


Conductance of Concentrated Solutions 
of Strong Electrolytes 


NUMEROUS attempts have been made to extend 
the Debye-Hiickel theory to electrolyte solutions of 
higher concentrations than 0-1 N. The attempts 
of Falkenhagen and Leist'!, Robinson and Stokes?, 
Wishaw and Stokes*, and Leist', are the most 
notable contributions in recent times in this direction. 

3ased on thermodynamical reasoning, we have 
evolved @ new concept of ‘concentration potential’ 
(Cy) of an electrolyte solution, which may be defined 
as the ratio of moles of the electrolyte per 1,000 gm. 
of water at a given molality to the moles of the 
electrolyte per 1,000 gm. water at saturation at the 
same temperature. The ‘concentration potential’ at 
any molality other than at saturation, being a 
fraction, may be visualized as representing in mag- 
nitude by the same fraction as the sum total of 
the effects due to hydration, ion-solvent interaction, 
quantum-mechanical forces of attraction, ion-pair 
formation, dielectric constant, etc., which tend to a 
limit at saturation. I. Bencowitz® found empirically 
that by using the ratio of any molality of an electro- 
lyte solution to that at saturation, which he called 
the ‘degree of saturation’, instead of the molal 
concentration, vapour pressure lowerings even at 
high concentrations were explained by simpler 
relationships. 

Similarly, we have introduced a new viscosity term, 
potential viscosity (np), which may be defined as the 
ratio of the viscosity of the electrolyte solution of a 
given molality to that at saturation at the same 
temperature. 

Applying these new concepts, we have formulated 
the equation : 


Me = Ag + A (1 — Cp)inp (1) 


where A¢ is the specific conductance K x 1,000/Cp. 
Hence, Ag is specific conductance at saturation 
Ks x 1,000. 

Cy and yp have been defined above and A is a 
constant the properties of which have to be elucidated. 
The proportionality of A; with (1 — Cp) is introduced 
for the following main reasons. At saturation, Cp=1. 
At concentrations other than at saturation, Cp is a 
fraction which may be assumed to be the same as 
that of the sum total of the internal effects at satura- 
tion. Since the equivalent conductance decreases 
progressively as the concentration increases towards 
saturation, Ag at any molality must be proportional 
to the ‘concentration potential difference’ between 
the concentration potential at the particular molality 
(Cp) and that at saturation (unity). A; at any molality 
is therefore proportional to the concentration poten- 
tial difference at that molality. At infinite dilution 
the concentration potential difference will be a 
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1, Sodium chloride ; 2, potassium chloride ; 3, sodium nitrate ; 
4, potassium nitrate 


maximum and therefore A; at infinite dilution will bea 
maximum. The concentration potential difference at 
saturation will be zero and therefore the conductance 
A, at saturation must be a minimum. These results 
agree with experiment. 

The important part played by viscosity at higher 
concentrations -was brought out by Wishaw and 
Stokes*. Though various workers observed qualita- 
tively that conductance varies inversely as the bulk 
viscosity, there has been no agreement regarding a 
quantitative formulation of the relationship. Since 
the non-thermodynamic property viscosity tends to a 
maximum at saturation, we believe that conductance 
variation may be assumed to be related inversely 
to the ratio of viscosity at any molality to that at 
saturation. The relative viscosity of a sdlution hitherto 
considered has been that relative to the solvent. An 
expanded form of equation (1) will indicate that A¢ 
at infinite dilution tends to a constant. 

We have measured the conductance and viscosity 
of aqueous solutions ranging from 1-00 molal to 
about the saturation concentration at temperatures 
of 30°, 35°, 40°, 45°, 50° and 55°C. for potassium 
chloride and nitrate, and sodium chloride and nitrate. 
At all temperatures for the above electrolytes, a 
plot of A, against (1 — Cyp)/rp was found to be linear. 
Kesults obtained at 30° are represented in Fig. 1. 
A plot of A, against temperature gave perfectly 
straight lines at all concentrations for solutions of 
sodium chloride and nitrate, and potassium chloride. 
Only for potassium nitrate solutions were non-linear 
curves each forming part of a parabola obtained. 
The parameter A is a function of temperature. 

A detailed account of this work will be reported 
elsewhere. 

C. V. SURYANARAYANA 
V. K. VENKATESAN 


Physico-chemical Laboratory, 
Annamalai University, 
Annamalainagar. 


1 Falkenhagen, H., and Leist, M., Naturwiss., 41, 570 (1954). 

. aoe R. A., and Stokes, R. H., J. Amer. Chem. Soc., 76, 1991 
, Wishaw, B. F., and Stokes, R. H., J. Amer. Chem. Soc., 76, 2065 
‘ Leist, M., Z. phys. Chem., 205, 16 (1955). 

5 Bencowitz, I., J. Phys. Chem., 29, 1432 (1925). 
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Thermal Conduction and Gas Analysis 


Gas analysis based on thermal conduction was 
first introduced by Daynes and Shakespear! and 
depends on the principle that the thermal conduction 
loss in a particular mixture depends uniquely upon 


the composition of the mixture, and consequently, if 


we know the conductivity, the composition can be 
determined. Since then this principle has been 
utilized by a number of workers to analyse both the 
steady state and also the approach to steady state 
of non-uniform gas mixtures under various conditions. 
Unfortunately, the procedure adopted has not always 
been free from objections, and in the present report 
I propose to discuss the use of a thermal conductivity 
apparatus for which the theory is now completely 
understood and the various corrections are exactly 
calculable. The general design of the thermal con- 
ductivity cell is based on the conventional hot-wire 
type of cell introduced by Kannuluik and Martin* 
and since then has been widely used by a, number 
of workers. Two simple designs for the construction 
of such cells have been recently made by Srivastava 
and Saxena‘. 

Until now most workers have used this thermal 
conductivity apparatus more or less in an em- 
pirical fashion and obtained calibration curves in 
terms of galvanometer deflexions against concentra- 
tion when the same current is passed through the 
helix of the conductivity cell. This procedure involves 
several discrepancies as the galvanometer defiexion 
does not give directly the thermal conductivity, 
though the latter depends uniquely upon the com- 
position alone. This calibration for a particular gas 
mixture is correct only at the actual experimental 
points, and any interpolation is subject to errors 
arising out of the different accommodation coefficients, 
wall effects and convection effects with varying 
composition of the mixture unless the katharometer 
is so designed as to eliminate or correct precisely 
for the above effects. The theory of the hot-wire 
cell using a thick wire has been given by Kannuluik 
and Martin? and seems now to be complete. The 
corrections to be usuaily applied in a hot-wire type 
of apparatus are: (a) convection effects; (b) wail 
effects; (c) radiation correction; (d) radial flow 
correction; (e) the temperature jump correction. 
The conductivity cells used by us* were found to be 
free from convection and had a negligible tem- 
perature jump effect for a considerable range of 
pressures (6-20 cm. of mercury). We have there- 
fore taken the observations at a pressure of 10 cm. 
of mercury. For our metal body cells, calculations 
showed that the wall effect is of the order of 0-01 per 
cent for gases like helium and neon while for gases of 
low thermal conductivity like. argon, krypton and 
xenon, etc., the correction is negligible. The cor- 
rection due to radiation amounts to the reduction in 
the conductivity value by a fixed amount and is 
independent of the nature and composition of the 
gases. The radial flow correction for a given cell and 
for a fixed value of the current uniquely depends upon 
the value of the conductivity and therefore upon 
(Rk — R,) approximately. Here R represents the 
resistance of the cell wire for a certain current J, and 
R, for zero current. 

In view of the above remarks about the corrections 
to be applied to the conductivity values measured 


by a hot-wire cell, it follows from the theory of 


Kannuluik and Martin? that for a given mixture the 
change in resistance R — R, of the cell wire will 
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Fig. 1. Plots of R — R, vs. composition for some inert gas mixtures 


depend uniquely upon the composition of the mixture 
provided the same current is passed through the cell 
wire. Consequently, if we first perform an experi- 
ment with a mixture of known composition and 
plot a graph of R — R, versus composition of the 
mixture for practically a fixed value of the current, 
then we can use these plots to find the unknown 
composition from a knowledge of R — R, only. 

Srivastava and Saxena* and Saxena‘ have recently 
obtained results of this type for a number of inert gas 
mixtures and utilized it to calculate the thermal 
conductivity. In Fig. 1 are shown the plots of R — R, 
versus composition for some mixtures. The experi- 
mental currents to which the data refer are recorded 
for each curve within brackets. These plots can now 
be utilized with fair accuracy for the purpose of gas 
analysis. 

I am grateful to Prof. B. N. Srivastava for his 
kind interest and supervision throughout the progress 
of the work presented here and to the Council of 
Scientific and Industrial Research, New Delhi, for 
financial support. 

8S. C. SAXENA 

Department of General Physics and X-Rays, 

Indian Association for the Cultivation of Science, 
Calcutta 32. Oct. 15. 

1 ae A., and Shakespear, G. A., Proc. Roy. Soc., A, 97, 273 

: Kenneeay” W. G., and Martin, L. H., Proc. Roy. Soc., A, 144, 496 

* Srivastava, B. N., and Saxena, S. C., Proc. Phys. Soc. (in the press). 

* Saxena, S. C. (in course of publication). 


Free Radical Salts of Halogenated 
Quinones 


It has been shown! that bi-radical molecular 
compounds can be formed from quinones (O—Q—0) 
and aromatic diamines (D), and that these compounds 
are of the ionic form O—Q—O] D*. 

Highly electropositive aromatic diamines can form 
stable solid paramagnetic salts with simple anions’, 
for example, the perchlorate of Wurster’s ion, 


(CHs). N— —N(CH;)2]* clo,”, and it was 


interesting to see if there also existed stable salts of 
quinones with simple cations : 
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O—Q—O}Na?* 
(I) 


these should also be free radicals. 

As long ago as 1912, Torrey and Hunter*® studied 
the highly coloured salts produc ed by the reaction of 
tetrahalogenated quinones with sodium iodide. They 
showed that these solids contain one sodium atom 
per quinone molecule and they postulated the 


structure 
Oo Na—O 
qd . Q 
Oo Na ~O 


(IT) 


[t seemed to us, however, that such a structure is 
improbable and that the product of their reaction 
is more likely to be, instead of (II), the simple salt 
of the semiquinone (I). The latter has an odd number 
of electrons and should therefore be paramagnetic. 

We have tested four of Torrey and Hunter's 
coloured substances for paramagnetism by means 
of the paramagnetic resonance method‘, The 
measurements were made at a wave-length of 3 cm. 
on powdered samples at 90°K. The substances 
(Table 1) all showed paramagnetic resonance with 
a single line a few gauss wide and g-value nearly 
equal to the free electron value. Such resonance is 
typical of a free radical. 











Table 1 
g-value Line-width 
(gauss) 
| Sodium tetrachloro p-quinone | 2-0044+0-0008 10 

Sodium tetrabromo p-quinone 20068 + 0-001 20 
Sodium 2:6 dichloro 3:5 

dibromo quinone 2 -0063 + 0 0007 20 
Sodium tetrabromo o-quinone 2-0077 +0 0008 30 








These results indicate that, as we have proposed, 
solid stable free-radical salts of quinones do exist, 
and that the coloured salts of Torrey and Hunter 
are of this form. 

We are indebted to the British Council for the 
award of a scholarship (H.K.), the University of 
Oxford for the award of a Pressed Steel Co., Ltd., 
research fellowship (D. B.) and the Department of 
Industrial and Scientific Research for a maintenance 
grant (A. C. R.-I.) during the 1954 tenure of which 
these researches were carried out. 

H. Katner* 

Dyson Perrins Laboratory, 

University of Oxford. 

D. Brsxt 

A. C. Rosse-Innest 
Clarendon Laboratory, 
University of Oxford. 


* Present address: Max Planck Institut fiir Medizinische Forschung, 
lnostitut f oa Chemie, Heidelberg. 
+ Present address: Department of ae Philosophy, St. Salva- 
= College. University of St. Andre 
¢ Present address: Services Saiieteonsée Research Laboratory, 
Balduek, Herts 


’ Kainer, H., Bijl, D., and Rose-Innes, A. C., Naturwiss., 18, 303 (1954). 

* Si ick, N. V., “Organic Chemistry of Nitrogen’, 97 (Clarendon 
, Oxford, 1 1950). 

* Torrey, H. A., and Hunter, W. H., J. Amer. Chem. Soc., 34, 702 (1912). 

‘ ser Rata and Stevens, K. W. H., ‘“‘Rep. Prog. Physics”, 16, 108 
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Surface Structure of Blowholes in Cast Iron 


BLOWHOLES caused by evolution of gas are 
relatively seldom encountered in cast iron, Recently, 
however, cavities evidently produced by hydrogen 
gas have been recorded'-*. The surface of the blow- 
holes exhibited a peculiar pattern of concentric 
circular waves or wrinkles. This pattern was im- 
printed not only on the graphite shell covering the 
walls of the blowholes but also on the underlying 
matrix’. In the following some complementary 
observations will be given and a suggestion as to the 
formation of the structure is advanced. 

The blowholes examined occurred in cast iron to 
which magnesium had been added. Water was poured 
upon the iron in the ladle. The object of this double 
treatment was to introduce hydrogen into the liquid 
metal by reaction between the magnesium and the 
water. It is believed that the blowholes were caused 
by the evolution of hydrogen or possibly hydro- 
carbons during cooling. The holes were either 
approximately spherical or had an elongated shape 
with the axis perpendicular to the outer surface of 
the casting. A thin scale or shell of the same metallic 
material as the matrix, as shown by examination 
of sections in the microscope, could be removed from 
the walls of the blowholes. 

Fig. 1 shows the surface structure as observed 
from the interior of a cavity towards the wall. 
The surface is covered with circular ‘waves’, seem- 
ingly emanating from a few different centres. Within 
each group of concentric waves there are flat areas 
with radial extensions. This gives the impression 
that the groups consist of interfering wave systems 
with adjacent centres. Closer examination shows 
(Fig. 2) that the waves can be described as ridges 
running between U-shaped valleys, as is also seen 
from polished sections perpendicular to the wall 
(Fig. 3). On the top of each ridge there runs a 
marked ditch. Ditches are also seen to traverse the 
valleys and the flat areas. Sometimes they develop 
into crack-like formations, sometimes they become 
more vague. Near the centre of a group of waves 
the cracks are more pronounced, outlining ‘grains’ 
with hexagonal symmetry. In the central part of 
each wave group there is a pyramid of six-fold | 
symmetry, built up of triangular sectors or ‘shields’. 
The tops of the pyramids are directed towards the 
interior of the cavities. The shields, which do not 
fit closely together, have surface markings like 
arrow-heads pointing towards the top angle. 

In a section perpendicular to the wall of the cavity 
(Fig. 3), the metallic matrix is found to be pearlitic 
near the wall of the blowhole, changing to a mottled 
ledeburitic-graphitic cast iron structure in the 
interior of the metal. 

It is tentatively suggested that wrinkles of the 
kind observed could be produced by compression of a 
(surface) layer by forces parallel to the surface, the 
wave crest at any point being perpendicular to the 
compressive force. The circular form of the wave 
groups points to common centres from which the forces 
have radiated. In the central area where the ultimate 
reason for the deformation should be sought, small 
cavities, believed to be hydrogen blowholes, were 
once observed. Evolution of gaseous hydrogen at 
this position at a stage during cooling when there is a 
still deformable surface layer around the larger blow- 
hole could well provide the expansion required for 
the deformation mechanism proposed. Evidence for 
a secondary evolution of gas is also given by the 
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Fig.1. Surface pattern. x 300 
Fig. 2. Surface pattern at higher magnification. x 1100 
Fig. 3. Section of blowhole, etched with ‘Nital’. x 450 


form of the space separating the above-mentioned 
scale from the main body. As regards the ditches 
and cracks mentioned above, they are believed to 
be the result of deformation at a lower temperature 
where the iron is less ductile. 
Gusta¥F OsTBERG 
Falu Kopparverk, 

Falun, 

Sweden. 

Oct. 16. 
* Karsay, I., Ontéde, No. 8-9, 169 (1955). 
* Karsay, I., Acta Technica, 14, 3-4, 481 (1956). 


* Dawson, J. V., and Smith, L. W. L., B.C.1.R.A. J. Res. Dev., 6, No. 6, 
226 (1956). 
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Polymerization of Tobacco Mosaic Virus 
from Electric Birefringence Studies 


Ir has been reported! that the addition of methy ‘ene 
blue to aqueous solutions of tobacco mosaic virus 
produces increases in viscosity which can be inter. 
preted in terms of conversion of the monomeric wits 
to end-to-end dimers and possibly higher polymors, 
The suggestion was made that the association iay 
be the result of interactions between a given 
methylene blue molecule and sites on the nucieic 
acid chains of different macromolecules. The ;ro- 
duction of end-to-end aggregates by an association of 
this type is in accord with the structural investigations 
of tobacco mosaic virus’, which place the nucleic acid 
at the core of a relatively compact helix. It therefore 
was of interest to determine whether or not the 
suggestion of end-to-end aggregate formation by 
methylene blue could be substantiated independently 
with a well-characterized monomeric preparation, 
and by a method particularly sensitive to such 
aggregates. 

Evidence for the presence of rigid end-to-end 
dimers in some untreated tobacco mosaic virus solu- 
tions was found in transient electric birefringence 
studies*. The rotational diffusion constants which 
are observed in such experiments are greatly ce- 
creased upon end-to-end association ; for example, by 
a factor of six upon formation of a tobacco mosaic 
virus dimer. The experiments reported here were 
carried out on the preparation designated tobacco 
mosaic virus I, which was shown to contain no 
detectable concentration of end-to-end polymers in 
the previous study*. 

The experimental technique, which involved 
oscillographic recording of the birefringence transients 
produced by rectangular pulses, has already been 
described**. Alli solutions were prepared by dilution 
with distilled water from tobacco mosaic virus | 
stock*, which contained 37-5 mgm. of the virus per c.c. 


and a low concentration of phosphate buffer, of 


pH 7, introduced at an early stage during the 
preparation. 

A solution containing 0-5 mgm. tobacco mosaic 
virus per c.c. and 10-' M methylene blue was allowed 
to stand for about 15 hr. at 0°C. before warming 
up to 25° C, for a birefringence measurement. Analysis 
of the build-up and decay curves gave the same 
single relaxation time as an untreated preparation 
(0-5 msec.) within the experimental accuracy 
(~ 5-10 per cent). Afterwards, a solution containing 
17-7 mgm. tobacco mosaic virus per c.c. and 10-* M/ 
methylene blue was allowed to stand at 0°C. for 
72 hr. before making dilutions, photographing the 
birefringence transients, and measuring pH. The 
results are summarized in Table 1, which lists the 
relaxation intervals t,, t, and ty, in msec. (The 
term ‘interval’ is substituted for the formerly used 
‘time’ to reduce the possibility of confusion of 
To, T1, - - . tj (arbitrarily defined*) with the relaxa- 
tion times of the various components.) For the first 
solution in Table 1 the birefringence did not reach 
the steady state during the applied pulse, which was 
of 15 msec. duration. This and the values of t, and 7, 
indicate the presence of species higher than dimers. 
The conclusion is independent of the particular mode 
of association since the end-to-end polymers will give 
longer relaxation times than any other possible 
forms. 

For the second solution, a steady state was 
approached in about 5 msec. An additional experi- 
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Table 1 
acco mosaic Methylene 
virus cone. blue conc. T? T, T; pu 
i) 5 mgm.|c.c. 28 x10*M 50 21-0 o 6-4 
)-1 mgm.je.c. | 0-56 x 10-* M 08 10 18 6-0 
7 : 


ent with a shorter polarizing pulse (0-7 msec.) was 
erformed, to decrease the contribution from the 
lower component and permit more accurate evalua- 
tion of the relaxation time of the faster component. 
The two curves for birefringence decay were plotted 

n semi-log paper and analysed according to the 
method illustrated in Fig. 5 of a preceding publica- 
tion’, After subtracting the contribution of the 
slower component, which had a relaxation time of 
about 3 msec., the remainder exhibited a relaxation 
time of 0-5 msec. From this it is concluded that the 
experimental results, at 0-1 mgm.:c.c. tobacco 
mosaic virus and 0-56 x 10-* M methylene blue, are 
adequately explained by the presence of a mixture 
of monomer and end-to-end dimer*. However, the 
more concentrated solution, obtained from the same 
sample, consisted of more aggregated species, which 
confirms the suggestions! that the degree of poly- 
merization increases with methylene blue concentra- 
tion, and that the polymerization is to some extent 
reversible. 

The results are of interest in that they illustrate 
how the interactions of biological macromolecules and 
small ions may be studied to determine the location 
of interacting groups on the macromolecule. Secondly, 
they suggest a possible cause of the aggregation, 
which is often troublesome in investigations of 
the physical chemical properties of such species as 
tobacco mosaic virus, namely, interaction of a given 
molecule having two or more cationic sites with 
negative sites on the nucleic acid chains of different 
molecules. Although the methylene blue cation 
carries & single positive charge, it is distributed 
equally between the substituted amino groups by 
resonance, so methylene blue molecules may interact 
simultaneously with two macromolecules. The 
commonly observed aggregation of tobacco mosaic 
virus might be caused in a similar manner by multiply 
charged cations or possibly by partially hydrolysed 
peptide chains carrying two or more positive charges, 
and might be prevented by the use of complexing 
agents. (In a private communication, W. Ginoza 
has reported that aggregation may be reduced by 
the use of versene to aid in clarifying the virus during 
isolation.) Finally, a method for controlling the 
distribution of lengths of the macromolecular units 
in a biological preparation offers interesting possi- 
bilities for further studies of electric polarization and 
birefringence in macromolecular systems. 

C. T. O’Konsxkr 
J. B. ApPLEQuist* 
Department of Chemistry and 
Chemical Engineering, 
University of California, 
Berkeley 4. 
Sept. 28. 


* Present address: Department of Chemistry, Harvard University, | 


Cambridge, Mass. 

* Welsh, R. 8., J. Gen. Physiol., 39, 437 (1956). 

* Watson, J. D., Biochim. et Biophys. Acta, 18, 10 (1954). Franklin, 
R. E., Nature, 175, 379 (1955). Franklin, R. E., and Commoner, 
B., ibid., 175, 1074 (1955). Franklin, R. E., and Klug, A., Acta 
Cryst., 8, 777 (1955). 

° ner C. T., and Haltner, A. J., J. Amer. Chem. Soc., 78, 3604 


* O’Konski, C. T., and Zimm, B. H., Science, 111, 113 (1950). 
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Separation of Oxidized from Non-Oxidized 
Corticotropin A, by Chromatography on 
Carboxy-Methyl Cellulose 


Dedman, Farmer and Morris: have shown that 
corticotropins can be oxidized by hydrogen peroxide 
to yield products which are inactive in the adrenal 
ascorbic acid depletion bioassay of Sayers, Sayers and 
Woodbury’, and that the biological activity can be 
completely restored by reduction with thiol com- 
pounds. ‘The process is unaccompanied by any change 
in the amino-acid composition of the corticotropin 
(Dedman, Farmer and Morris, unpublished observa- 
tions). Dixon and Stuck-Dunne* have confirmed this 
reaction, and have reported a separation of the 
oxidized and non-oxidized hormones by chromato- 
graphy on the carboxylic acid cation exchange resin 
‘Amberlite’ X H-64 (IRC-50). 








0-15 4 
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Fig. 1 a 


The present communication describes an alternative 
chromatographic system for the separation of oxidized 
and non-oxidized corticotropin A,, using as the 
stationary phase carboxy-methy] cellulose prepared 
by the method of Peterson and Sober*. 

The column was prepared from 1-5 gm. of carboxy- 
methyl cellulose which had been equilibrated with 
0-1 M phosphate buffer at pH 5-56, and packed under 
pressure to give final dimensions of 66 cm. x 0-35 cm. 
A mixture of 1-7 mgm. of corticotropin A, (91 1.U./ 
mgm.) and 1-8 mgm. of corticotropin A, oxidized by 
hydrogen peroxide (27 1.U./mgm.) was dissolved in 
0-5 ml. of the phosphate buffer and applied to the 
column. Development was carried out with 0-1 M 
phosphate buffer, pH 5-56, at 19° at a flow-rate of 
2-1 mL/hr. 1-5-ml. fractions were collected auto- 
matically, and the corticotropin content determined 
by measurement of the ultra-violet absorption at 
275 my. The course of the separation is shown in 
Fig. 1. 








Table 1 
j 
Material Treatment % original 
A, potency 
Corticotropin A, None 100 
Corticotropin A, Oxidized with H,O, 23 (13-40) 
Fraction 1 None <17 
Fraction 1 Reduced with thiogly- 102 (95-117) 
: collic acid, 18 hr., 78° 
Fraction 2 None 172 (91-300) 
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The eluate, 171—180 ml., was bulked to give fraction 
1, and 186-204 ml. to give fraction 2. The biological 
potencies of these fractions, together with the potency 
of fraction 1 after reduction, are given in Table 1. 
Values in parentheses are fiducial limits of the 
potencies at p = 0-95. 

It is evident that oxidized corticotropin A, forms 
the faster moving zone (fraction 1) in the chromato- 
gram, and that it can be completely separated from 
corticotropin A, under these experimental conditions. 
This, together with the earlier separation by Dixon 
and Stack-Dunne*, demonstrates that the oxidized 
form of corticotropin A, is a chemically distinct 
species. 

T. H. FarMEer 

C. J. O. R. Morris 
Department of Experimental Biochemistry, 

London Hospital Medical College, 
London, E.1. 
Oct. 5. 
* Dedman, M. L., Farmer, T. H., and Morris, C. J. O. R., Biochem. J., 
59, XII (1955). 

3 ee A., Sayers, G., and Woodbury, L. A., Endocrin., 42, 379 
* Dixon, H. B. F., and Stack-Dunne, M. P., Biochem. J., 61, 483 (1955) 
‘Peterson, E. A., and Sober, H. A., J. Amer. Chem. Soc., 78, 751 (1956) 


Mutagenicity of Sarkomycin 
StncE the discovery of Auerbach and Robson!, 


various substances have been added to the list of 


chemical mutagens. It is generally accepted that 
many strong mutagens have also clear inhibitory 
actions against neoplasms. It is therefore of special 
interest to determine whether sarkomycin, an anti- 
biotic with anti-tumour effect, found by Umezawa 
and his colleagues, has also mutagenic ability. 
Yamamoto et al.2 and Umezawa et al.* have shown 
that sarkomycin induces chromosomal aberrations 
in Yoshida sarcoma cells and in Ehrlich ascite tumour 
cells. 

Recently, Sat6* has also pointed out that sarko- 
mycin has a radiomimetic effect upon root tip cells 
of Tradescantia paludosa. 

Tests were made on the production of the same 
mutations which have been used before®*. In the 
silkworm, pe and re are located on chromosome V at 
0-0 and 31-7, and w, on chromosome X at 3-4; all 
of them control the colour of the egg (and also the 
colour of the eye). Whereas the normal colour is 
black, pe/pe and w,/w, eggs are white and re/re eggs 
red. Eggs homozygous for both pe and re are also 
white (the eye of pere/pere is green). The sarkomycin 
was extracted from Streptomyces as the sodium salt 
and was a viscous syrup light-brown in colour. It was 
diluted in physiological saline solution for silkworms 
to a final concentration of 7-5 unit/ml. (unit used 
here is @ special effective value as antibiotic), and 
the pH was adjusted to 6-8 with sodium bicarbonate. 
0-05 ml. of this solution was injected into the abdomen 
of wild male or female moths. 10-60 min. after the 
injection these moths were mated to double recessive 
pere/pere or w,/w, partners. Eggs from these matings 
were examined as to egg colour, and the mutation- 
rates were estimated as the percentages of aberrant 
eggs in total pigmented eggs. 

This method makes it possible not only to deal 
with many samples but also to compare the results 
of those obtained with the other chemical mutagens, 
such as nitrogen mustard or nitromine (Nakao, Y., 
unpublished data). 
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Table 1 
Sexes of No, of tested Aberrant eggs 
No. of treated eggs (total 
experiment | moths | pigmented eggs) No. Percenta; 
| eS - 
c. 8,333 1 0-030+0-030 | 
Cy | é 4,074 0 om 
| l 3 1,535 6 0-39140-159 
| 2 3 4,485 3 004540052 
3 3 3,364 13 0-386 40-107 
| 4 é 1,192 4 0-336 +0-i6s 
| C, Q 2,818 3 0-106 +0-06) 
5 "4 1,234 0 _- 
6 2 | 4,629 0 - 
C, ear bee 2,636 0 * 
ee pony 5,045 0 me 
7 3 2,362 3 0-12740-07 











(1) Partners in matings of the first nine are serelpere. and those 
of the last three (C,, C, and Exp. 7) are w,/w,. (2) Doses of sarko- 
mycin are 0-05 ml. of 7-5 unit/mol. solution except Exp. 7 (0-05 ml. 
of 17-4 unit/ml.). (3) Intervals between the injection and the mating 
are 10-60 min. 


The experiments were repeated several times, and 
the results have been summarized in Table 1. ‘he 
mutation-rates in the control series were generully 
small except in the case of control 3. No aberrant 
eggs were obtained when the female moths were 
treated (Exp. 5 and 6). After treatment of males 
some aberrant eggs occurred in three experiments 
(Exp. 1, 3 and 4) but not in all. The numbers of 
aberrant eggs were, however, small and mosaic eggs 
formed the bulk, as after treatment with nitrogen 
mustard or nitromine. 

Since the spontaneous mutation-rates at the pe 
and re loci sometimes reach quite high values (control 
3) (Nakao, Y., unpublished data) and the differences 
between control and experimental rates were small, 
we used also the w, locus in which spontaneous 
mutation-rate is always low’ (controls 4 and 5 and 
exp. 7). The results support the view that sarkomycin 
has slight mutagenic power for the silkworm. 

The variability of the results may be due to the 
difficulty of obtaining sarkomycin samples of uniform 
effectiveness by extraction from Streptomyces erythro- 
chromogenes. 

It is very interesting that substances like sarko- 
mycin produced by a living organism have slight but 
probably real mutagenic effect. But there have been 
such precedents. Mustard oil tested by Auerbach 
and Robson® is an example. 

We wish to express our sincere gratitude to Dr. 
C. Auerbach not only for her kind criticisms and 
advice, but also for her kindness in reading the 
original manuscript. 

YosHIo NaKao* 
Biophysical Laboratory, 
St. Paul’s University, 
YATARO TAZIMA 
Silk Science Research Institute, 
TADASHI YAMAMOTO 
Institute for Research in Infectious Diseases, 
Tokyo. 
Sept. 1. 

* Present address: Biological Institute, Kyoto Prefectural Medical 
College, Kyoto. 

1 Auerbach, C., and Robson, J. M., Report to Ministry of Supply, 

W. 3979 (1942). 

* Yamamoto, T., Umezawa, H., et al., Gann, 45, 503 (1954). 

sd a H., Yamamoto, T., et al., J. Antibiotics, Ser. A, 6, 147, 
‘ Saté, Sy., Jap. J. Genet., 29, 174 (1954). 

*Tazima, Y., “Mosaicism in the Silkworm” (Hokuryukan, Tokyo, 

1947) (in Japanese). 

* Nakao, Y., Nature, 172, 625 (1953). 
7 Tazima, Y., Papers from the Co-ordinating Committee for Res. in 

Genet., 2, 153 (1951). 

* Auerbach, C., and Robson, J. M., Nature, 154, 81 (1944). 
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Effect of Chloramphenicol in maintaining 
the Viability of Escherichia coli 


THERE is ample evidence that cultures of non- 
sporing bacteria tend to die on prolonged storage. 
\ widely held belief, supported by much less evidence, 
is that the presence of bacteriostatic antibiotics 
increases the tendency of bacteria to die. Thus Wilson 
and Miles' state that “. . . although by definition 
they [bacteriostatic antibiotics] inhibit growth with- 
out killing the cell, they are in fact slowly bacter- 
icidal’’, but the evidence for this statement is con- 
flicting?-*. An explanation of this conflict may lie 
in the finding of Valentine® that the tendency of 
bacteria to die under conditions of bacteriostasis 
induced by chloramphenicol varies from species to 
species. 

The experimental results given below indicate that 
under certain conditions of bacteriostasis chloram- 
phenicol, instead of increasing the tendency of L, coli 
to die, has the reverse effect. It may, in fact, prevent 
bacteria from dying. An analogous situation is 
presented by the drying of bacteria; slow drying 
causes death of many species whereas freeze-drying 
is an accepted way of maintaining viability. 

The organism used in the present experiments was 
E. coli (N.C.T.C. 9001), and cells were harvested from 
24-hr. cultures in meat extract broth and _ resus- 
pended in broth or in broth containing chloram- 
phenicol. Total counts were determined by the 
Spekker absorptiometer calibrated by direct counts 
in a Petroff—Hausser chamber. Viable counts were 
determined by a modification of the method of Miles 
and Misra® in which 100 drops instead of 6 of each 
dilution were taken, giving about a six-fold reduction 
in the error of estimation. The variables were tem- 
perature of incubation and concentration of chloram- 
phenicol. In the first instance experiments were 
carried out at a low temperature with a high con- 
centration of cells in order to make conditions as 
inimical as possible to cell multiplication. Later, it 
was found that the results were more striking when 
the incubation temperature was raised to 22°C. 

It can be seen from Tables 1 and 2 that, instead of 
hastening the death of bacteria, chloramphenicol 
may, under the conditions of the experiment, act in 
such a way that the viability of the culture is main- 
tained. Thus the viable count of the control sus- 
pension stored at 5° C. fell to about half its original 
value by the end of three weeks, whereas in the 
presence of 10 or 100 ugm. per ml. of chloramphenicol 
it remained unchanged. When similar suspensions 
were stored at 22°C. the effect was even more 
marked. The viable count of the control suspension 
fell to about one-eighth of its original value within 


Table 1. CHANGES IN THE TOTAL AND VIABLE COUNTS OF SUSPENSIONS 
or E. coli sTORED aT 5° C. IN THE PRESENCE AND ABSENCE OF 
CHLORAMPHENICOL 


Viable count 
cells per ml. x 10’ 


! 
| Total count | 


cells per ml. x 10’ | 





Period | 


| of Conen. of chloramphenicol | Concn. of chloramphenicol 
storage pgm, per mi. pgm. per ml, 
} 10 100 
| 400 390 
385 375 
ee eee 
395 | 405 
410 | 370 
405 365 
| 420 | 415 
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Table 2. CHANGES IN THE TOTAL AND VIABLE COUNTS OF SUSPENSIONS 
OF E. coli STORED AT 22° C. IN THE PRESENCE AND ABSENCE OF 
CHLORAMPHENICOL 





Viable count | 


Total count 
cells per ml. x 10? 


Period | cells per ml. x 10’ 
of - 


storage | Concn. of chloramphenicol 





Conen. of chloramphenicol 





(days) wgm. per ml. vem. per ml. 
Ch OE Se ee ee 

0 | 630 | 640 | 660 | 470 400 | 430 

1 | 1,050 ; 580 | 570 | 530 410 | 435 

2 | 1,220 660 | 620 | 535 425 ) 435 

4 960 | 520 500 | 220 390 | 415 

7 510 550 520 | 60 250 | 350 

11 | 250 


4380 350 | 550 20 60 








one week, but with 100 ugm. chloramphenicol per 
ml. it showed only a slight decrease, and with 
10 ugm./ml. it was still more than half the original 
value. 

It would seem, therefore, that a bacteriostatic 
agent such as chloramphenicol need not necessarily 
increase the tendency of bacteria to die under con- 
ditions of bacteriostasis, but may instead help them 
to survive. Whether death is encouraged or prevented 
probably depends on the interplay of a number of 
factors such as species of bacterium, temperature, 
concentration of chloramphenicol and cell numbers. 
Differences in these conditions probably explain 
why Gray’ and Valentine® found that chloramphenicol 
exerted a bactericidal action on ZL. coli. Work is 
now proceeding with the view of determining whether, 
for any given species, at any chosen temperature, 
there is a critical concentration of chloramphenicol 
per cell which will retard death. 


2. B. Morrison 
SamMiwa Ext Bacoury 
S. FLETCHER 


Department of Bacteriology, 
University of Glasgow. 
Oct. 2. 4 
' Wilson, G. S., and Miles, A. A., ““‘Topley and Wilson’s Principles of 
Bacteriology and Immunity’’, p. 201 (Edward Arnold, Ltd., Lon- 
don, 1955). 
2 Yow, E. M., and Spink, W. W., J. Clin. Invest., 28, 871 (1949). 
* Gunnison, J. B., Jawetz, E., and Coleman, V. R., J. Lab. and Clin. 
Med., 36, 900 (1950). 
* Hunter, T. H., J. Amer. Med. Assoc., 144, 524 (1950). 
* Pratt, R., and Dufrenoy, J., Tezas Rep. Biol. and Med., 9, 76 (1951). 
* Bliss, E. A., Warth, P. T.,and Long, P. H., Bull. Johns Hopkins Hosp., 
90, 149 (1952). 
’ Gray, J. D., J. Path. and Bact., 64, 447 (1952). 
* Valentine, F. C. O., Lancei, i, 589 (1956). 
* Miles, A. A., and Misra, S. 8., J. Hyg., 38, 732 (1938). 


Evidence for 6-Oxidation in the Metabolism 
of Saturated Aliphatic Hydrocarbons by 
Soil Species of Nocardia 


MeMBERS of the genus Nocardia can use certain 
long-chain saturated aliphatic hydrocarbons (C,>—C ,.) 
as sole carbon and energy source’, but very little 
information is available about the mechanism by 
which these compounds are broken down by micro- 
organisms?. In the present work the breakdown of 
1-phenyldodecane, 1-phenyldecane, 1-phenyloctade- 
cane, 3-phenyleicosane and 1-(«-naphthyl)hendecane 
by N. opaca (strain T',,) and Nocardia spp. (strain P,) 
has been shown to give substituted fatty acids. The 
shorter-chain ethyl, n-propyl and n-butyl benzenes 
were not attacked. In the following the methods 


detailed by Webley, Duff and Farmer* were used. 
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Phenyldecane, phenyldodecane and phenyloctadecane. 
An experiment with strain 7, was set up with about 
100 mgm. of 1-phenyldodecane (Eastman Uhemicals) in 
place of the -phenyl-substituted futty acids used 
previously*. Other conditions remained the same 
except that the phosphate buffer concentration was 
increased to 0-033 M. After seven days incubation 
o-hydroxyphenylacetic acid was detected, as formed 
by strain 7',, from phenylacetic acid and other w- 
phenyl-substituted fatty acids with an odd number of 
methylene groups*. Strain P,, which does not attack 
phenylacetic acid, was used in the following experi- 
ment. Phenyldodecane (103 mgm.) was added 
aseptically to 340 mgm. (dry wt.) washed cells 
(grown for 14 days on glucose (1 per cent (w/v)- 
nutrient broth at 25°) in phosphate buffer (100 ml.) ). 
The conversion of phenyldodecane to phenyl-substi- 
tuted fatty acids was estimated by the increase in 
absorption of acidified 5-ml. aliquots (after removal 
of cells) at 210 my, using phenylacetic acid as a 
standard. A conversion of 67 per cent was found 
after 40 hr., increasing to 85 per cent in 6 days. No 
further change occurred and the experiment was 
concluded after 12 days. Benzoic acid, if formed, 
did not exceed 5 per cent of the starting material. 
Ether extraction of the solution (after removal of 
cells) gave a solid product the infra-red spectrum of 
which (after recrystallization) was identical with 
phenylacetic acid. The Rr value on the paper chrom- 
atogram was the same as that of the authentic 
material. 

It was shown similarly that phenylacetic acid was 
formed from phenyldecane and phenyloctadecane by 
strain P,. 

3-Phenyleicosane. By analogy* 3-phenyleicosane 
was expected to give phenylethylacetic acid, which 
is not attacked by N. opaca. Spectrophotometric 
analysis showed that after 13 days about 26 per cent 
of the hydrocarbon appeared as aromatic acids. A 
fresh batch of washed cells of N. opaca was added 
aseptically to the flask and incubation continued for 
a further 7 days to give about 56 per cent of the 
3-phenyleicosane as aromatic acids. A 5-ml. aliquot 
examined by paper chromatography showed a spot 
corresponding to phenylethylacetic acid, but at least 
two other acids were present. 

The remaining contents of the flask were centri- 
fuged, the supernatant sterilized by filtration and a 
fresh batch of washed cells added. After a further 
11 days the cells were removed and the supernatant 
extracted as before. Paper chromatographic analysis 
of the oily residue revealed only one spot the Rr of 
which corresponded to phenylethylacetic acid. The 
infra-red spectrum also showed that the principal 
component was phenylethylacetic acid, together with 
traces of unidentified impurities. 

1-(a-Naphthyl)hendecane. Experiments were per- 
formed using both N. opaca (T',,) and Nocardia spp. 

(P,) in the manner described for 1-phenyldodecane. 

After incubation for 10 days (P,) and 13 days (7',,) 

the ether extracts yielded crystalline products the 

infra-red spectra of which showed 2-(«-naphthyl)- 
propionic acid to be the major component and not the 
expected a-naphthoic acid. Impurity bands showed 
the presence of some 2-(«-naphthyl)acrylic acid by 
comparison with a synthetic specimen. Ultra-violet 
absorption indicated about 17 per cent of this 
compound. As 2-phenylpropionic acid is rapidly 
converted by way of cinnamic to benzoic acid? 
by both strains, the failure of the corresponding 
step with 2-(a-naphthyl)propionic acid may be 
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ascribed to an electronic or steric effect of the larger 
nucleus. 

These results show that (#—1) oxidation‘ is not ay 
important mechanism in the breakdown of substituted 
long-chain hydrocarbons by these organisms, since 
this initial step followed by §$-oxidation would hays 
led to benzoic acid formation from phenyldecane and 
phenyldodecane®. Initial attack at any of the 
(@—2n) carbon atoms (n=0, 1, 2 etc.), followed by 
f-oxidation of the resulting acid, can account for the 
products obtained, but w-oxidation (n=0) seems the 
most probable route. 

We are indebted to Dr. J. A. Dixon, of the Pennsy]. 
vania State University and the American Petroleum 
Institute, for specimens of 1-phenyldecane, 3-phwny). 
eicosane and 1-(a-naphthyl)hendecane ; to Prof. |. L, 
Wain, Wye College, for a speciman of 2-(a-naphtliyl). 
propionic acid; and Dr. Treecani (University of Milan), 
for the culture of Nocardia spp. strain P3. 


D. M. WEBLEY 
R. B. Durr 
V. C. Farmer 
Macaulay Institute for Soil Research, 
Craigiebuckler, 
Aberdeen. 
Sept. 28. 


1 Webley, D. M., J. Gen. Microbiol., 11, 420 (1954). 

* Beerstecher, jun., E.,‘‘Petroleum Microbiology” (Elsevier Press, New 
York, 1954). 

* Webley, D. M., Di 
13, 361 (1955). 

‘el Masry, A. M., Smith, J. N., and Williams, R. T., Biochem. J., 61. 
(1) (1955). 


uff, R. B., and Farmer, V. C., J. Gen. Microbiol., 


Isolation and Characterization of a Naturally 
Occurring Stimulator of Citrulline 
Biosynthesis 


THE synthesis of citrulline by preparations from 
mammalian liver requires the addition of ornithine, 
ammonia, bicarbonate ion, magnesium ion, adenosine 
triphosphate, and an appropriate derivative of 
glutamic acid'. Synthetic compounds which have 
been shown to be active in the latter capacity are 
the N-carbamyl, N-formyl, N-acetyl and N-chloro- 
acetyl derivatives of L-glutamic acid’. These com- 
pounds have been shown to be catalytically activ 
in the synthesis of carbamyl phosphate, an inter- 
mediate precursor of the carbamyl group of 
citrulline. 

It was desired to ascertain which, if any, of these 
glutamyl derivatives is the naturally occurring 
stimulator of citrulline synthesis. Observation of the 
occurrence of such a stimulator and preliminary 
progress in the purification of this substance has 
been previously reported‘. A concentrated hot-water 
extract of beef liver, generously provided by the 
Armour Co., Chicago, was found to contain material 
which would stimulate citrulline synthesis, and this 
concentrate proved to be a more convenient starting 
source for purification than fresh liver. It was 
further found that Difco Bacto-Yeast Extract 
(Difeo Laboratories, Inc., Detroit, Michigan) and 
fresh brewer’s yeast are potent sources of a similar 
or identical material. The stimulators from liver and 
from yeast were purified by chromatography on anion 
exchange resins and by preparative paper chromato- 
graphy employing several solvent systems. During 
purification, the desired material was located and 
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assayod by its ability to stimulate citrulline synthesis 
in the absence of added glutamyl derivatives. 

Both the liver and the yeast stimulator were 
obtained as erystalline compounds. Both materials 
moved on chromatograms in a manner identical with 
authentic N-acetyl glutamic acid. The activity of 
both stimulators in the citrulline-synthesizing system 
was virtually identical on a weight basis with that of 
N-acetyl glutamic acid. Infra-red spectroscopy pro- 
vided further evidence for their identity. 

Acid hydrolysis of both stimulators gave rise to a 
single ninhydrin-reactive material, which was identi- 
fied as glutamic acid by paper chromatography in 
three solvent systems. The yield of glutamic acid 
from weighed samples of the stimulators was de- 
termined by the quantitative ninhydrin method‘. 
These yields were in reasonable agreement with the 
theoretical yield from N-acetyl glutamic acid, the 
values being 97 per cent of theory in the case of the 
liver stimulator, and 106 per cent of theory in the 
case of the yeast stimulator. 

It has been reported that N-acetyl glutamic acid 
is an intermediate in the synthesis of ornithine in 
Escherichia coli‘. However, this compound has not, 
to our knowledge, been isolated previously from 
natural sources. N-acetyl glutamic acid appears to 
be present in fresh liver in a concentration of about 
three parts per million, and in Difco Bacto-Yeast 
Extract to the extent of about 200 parts per million. 

Details of the isolation and characterization of 
these materials will be published elsewhere. 

This investigation was supported in part by research 
grants from the National Institutes of Health and the 
Wisconsin Alumni Research Foundation. 


L. M. Hatu* 
R. L. MetzeEnBERGT 
P. P. CoHEN 


Department of Physiological Chemistry, 
Service Memorial Institutes, 
University of Wisconsin, 
Madison. 

Oct. 4. 


* Predoctoral Fellow, National Heart Institute. 
t Fellow in Cancer Research of the American Cancer Society. 
 Grisolia, 8., and Cohen, P. P., J. Biol. Chem., 204, 753 (1953). 
* Marshall, R. O., Hall, L. M., and Cohen, P. P., Biochim. et Biophys. 
Acta, 17, 279 (1955). 
* Jones, M. E., Spector, L 
819 (1955). 
‘ Hall, L. M., and Cohen, P. P., Fed. Proc., 15, 266 (1956). 
* Moore, 8., and Stein, W. H., J. Biol. Chem., 176, 367 (1948). 
* Vogel, H. J., Proc. U.S. Nat. Acad. Sci., 39, 578 (1953). 


., and Lipmann, F., J. Amer. Chem. Soc., 77, 


a-Mannosidase and Other Glycosidases in 
the Tissues of the Mouse and the Rat, with 
Special Reference to the Sex Organs 


a-MANNOSIDASE, an enzyme previously obtained 
from sources such as lucerne seed', snails* and limpets*, 
has been found to be widely distributed in the body 
of the mouse and the rat (Table 1). On the whole, 
values for infant organs tended to be somewhat higher 
than the corresponding adult values. The figure for 
adult mouse uterus was drastically reduced, sometimes 
to zero, by ovariectomy, and was restored to the 
normal level by cestrone administration. 

Adult epididymis, both caput and cauda, displayed 
by far the highest ¢-mannosidase activity observed, 
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Table 1. THE a-MANNOSIDASE ACTIVITY OF MOUSE AND RAT TISSUES 
Results expressed as vgm. p-nitroplienol liberated per gm. moist er 
from 0-002 M eee Pelee in 1 hr. at 37° and pH 4°6. 











M, male; F, female; i, infant) 
Rat Mouse 
Tissue - 

M F iM iéF ; ae iM iP 
Liver 899 1,033 2,056 1,782 883 728 1,825 
Spleen 670 808 1,740 1,508 966 , ,320 
Kidney 3,028 1,770 5,561 5,466 | 2,638 2,225 8,311 
Intestine 998 1020 — — 1, ugly ,057 — — 
Adrenals 646 352 — — —_ _- — 
Heart ius Nil —_ — 170 “116 _ — 
Lung 436 —- — 382 316 _- — 
Muscle (leg) Ni Nie —- — 92 — _ 
Brain 162 17 —- — 238 158 _- 
Preputials 1,1211,092 5901,232 | 1,485 1,025 _— — 
Prostate 2,973 — 2,100 — 320 — _- — 
Epidi- fCaput | 13,975 — 2,703 — |12,657 — } 1,679 — 

dymis ‘Cauda 30,410 — 1435 — |16,477 x 
estis 614 — 1,068 — 1,685 — 691 — 
Seminal vesicle 611 — 2 618 2,889 — _- 
Ovary — 590 616 — Nil _- 
Uterus — 279 — 1,183 — 1,124 _- 
Vagina ee: Bers | — 1,389 _ 

















in both mice and rats; but the figure for epididymis 
in immature animals was very much lower, depending 
on the age. Experiments are in progress to determine 
whether the high activity in adults is derived from 
the epididymis itself or from the ripening spermato- 
zoa. It is interesting to note in this connexion that 
a#-mannosidase is strongly inhibited by mannono- 
lactone’. 

While the possible function of «-mannosidase in 
the body remains a matter for speculation, mannose 
is known to occur in several mucoproteins, such as 
ovomucoid‘ and urinary mucoprotein®: the concen- 
tration of the latter is higher in male than in female 
urine’, One cannot, however, exclude the possibility 
that the natural substrate may be quite a small 
molecule. 

The distribution of «- mannosidase-in the body and 
the effect of oestrogen on the uterine level is very 
reminiscent of 8-glucuronidase, an extensively studied 
mammalian glycosidase*’. Epididymis had not 
hitherto been studied for $-glucuronidase activity. 
The figure found was not, however, particularly high 
in mice and rats, nor did it vary markedly with age. 
On the other hand, the enormous §-glucuronidase 
activity of female rat preputial gland*, which we 
have confirmed, was not reflected by «-mannosidase. 

8-N-Acetylglucosaminidase activity® was found to 
be much higher in adult rat epididymis than in any 
other tissue examined for this enzyme, but was 
reduced about 15-fold in infant animals. This 
enzyme, it should be noted, was shown to be dis- 
tinct from «-mannosidase: it was not, for example, 
inhibited by mannonolactone. 

Glucuronic acid is present in the acid mucopoly- 
saccharides, hyaluronic acid and chondroitin, while 
N-acetylglucosamine is present in the former and 
also in many mucoproteins. There is evidence for 
the participation of both §-glucuronidase and §-N- 
acetylglucosaminidase in mucopolysaccharide meta- 
bolism’*. In the case of §-glucuronidase, great 
emphasis has been placed on its possible role in the 
metabolism of steroid glucuronides, since the activity 
of the enzyme in many organs can be altered by sex- 
hormone administration. It would appear, however, 
that there are two other glycosidases in animal tissues 
that may be under the control of sex hormones, 
and that in common with $-glucuronidase may play 
some part in mucoid metabolism. 
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Reversal of Relaxing Mechanism in 
Muscle Fibre Systems by Hydrostatic 
Pressure 


Ir is an old observation'* that intact muscle 

subjected to a hydrostatic pressure of a few thousand 

. pounds per square inch goes into contracture. 
Further, it was shown by Brown? that in the range 
where contracture is still small, pressure greatly 
increases the tension of an electrically stimulated 
twitch, and that this effect occurs if the pressure is 
maintained only up to the end of the latent period. 
Thus pressure is promoting a precursor reaction 
which. has been loosely called activation. 

The discovery of an in vitro contraction cycle by 
Goodall and A. G. Szent Gyérgyi* provides a model 
of activation which works simply through small 
changes of pH. It is of interest, therefore, to see how 
far this system resembles intact muscle in its reaction 
to pressure. 

First the dependence of relaxation on pH has to 
be characterized. It was found by one of us (M. C. G.) 
that fibres. active not only in the creatine phosphate 
system but also in the presence of adenosine tri- 
phosphate alone, can be obtained if one adds to the 
50 per cent glycerol—-water extraction fluid 5 mM 
histidine and 2 mM sodium cyanide to pH 6-8; in 
which medium they retain their remarkable activity 
for several weeks. With these the pK of equation 
(2) below is a function : 

pK = 6-45 + 2 log,.[CP]/10 (1) 
of the creatine phosphate concentration [CP] (milli- 
molar) provided that the adenosine triphosphate 
concentration [ATP] is less than [CP], which is the 
case of physiological interest ; and n = 3. Similar 
results hold for adenosine triphosphate alone, for 
which case the dependence of tension y on pH is 
given in Fig. 1. More complete details will be given 
elsewhere. 

To study the pressure effect a small fibre bundle 
developing about 1-5 gm. tension was mounted in a 
pressure bomb designed for rapid access without 
disturbing the optical recording system. A solution 
containing the substrates 5 mM magnesium chloride 
and 0-125 M sodium succinate buffer to measured 
pH was added. The fibre developed tension and 
relaxed to a value depending on pH. Pressure P 
was applied in increments of 1,000 Ib./sq. in. and the 
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6 60 6-4 6-8 
pH 


Fig. 1. Dependence of tension (y) on pH of extracted muscle 
fibre rabbit psoas) in the presence of 10 mM adenosine tri) ios. 
phate, 5 mM magnesium chloride and 0-125 sodium succinate 
buffer. Temperature, 22°C. Curve t nee is relation (2) 

with P = 0," = 3, pK = 6°15 


steady state tension y noted. In all cases tension 
increased reversibly with pressure in accordance with 
a relation of the form : 

PAV 


pr = Phe (4) - 2-3RT 


Fig. 2 shows pY plotted as function of pressure for 
three typical cases including an intact muscle. 

The fact that the slope AV = 350 c.c./mol. is the 
same in all cases confirms the view that the system is 
a@ model of intact muscle, since this high value is 
quite unique for protein transformations®. So it is 


+ n(pH — pK) (2) 


reasonable to use the relation pH = pK — 2 py (0), 


where pY(0) is obtained by extrapolation to P = 0, 
to estimate the pH of intact muscle on the basis of a 
known intracellular concentration of creatine phos- 
phate. For the slow tonic muscle of Fig. 1, a probable 
value is [CP] = 10 mM, giving pH = 5:8. 
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Fig. 2. Dependence of pY = log y/(1—y) on pressure. (A) Ex- 
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Equation (2) implies that involved with increase 
of one positive unit charge is a volume increase of 
AV) = 117 c.c./mol., which is in the normal range 
for robin transformations’. Since volume increase 
is invariably associated with loss of net charge, we 
must suppose that the protein is negatively charged. 
Further, if we accept the view* that. relaxation is 

sentially the dissociation of actomyosin (AM) into 
actin (A) and myosin-adenosine triphosphate com- 
plex (M"47P), then the factor 2 in (1) suggests that 
the overall reaction is something like : 


nH+ + 2n ~P =A + M*4TP (8) 


Confirming this view, we found that addition of 
adenosine monophosphate to 5 mM lowered the pK 
by 0-5 unit. The function of magnesium, which is 
essential for this reaction in the concentration used, 
would be then to inhibit the further splitting of 
the myosin — adenosine triphosphate complex. 

Adequate stirring throughout was necessary to 
prevent accumulation of products, presumably mainly 
adenosine monophosphate having the same result 
as above. 

This work was aided by grants from the Horace H. 
Rackham School of Graduate Studies, University of 
Michigan, and from the Muscular Dystrophy Associa- 
tions of America, Inc. 
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Adaptation of Yeast to Maltose 
Fermentation 


CERTAIN strains of baker’s yeast (Saccharomyces 
cerevisiae) have been shown in this laboratory to be 
capable of fermenting maltose without prior exposure 
to this sugar provided that the growth conditions 
are suitably controlled. The fermentation tests were 
carried out for one hour in the Warburg apparatus 
under nitrogen, strict precautions being taken to 
remove all traces of dissolved oxygen from the yeast 
suspension and substrate solution, and only glucose- 
free maltose being used, because traces of both 
oxygen and glucose are known to enable yeast to 
become adapted rapidly to maltose fermentation’. 

This ability to ferment maltose rapidly is a very 
labile characteristic of the yeast. Early experiments 
on growing the yeast in the laboratory in a defined 
medium of glucose or sucrose, salts, vitamins and 
‘Difco Casamino’ acids failed to produce a yeast 
which on harvesting fermented maltose unless maltose 
had been included in the growth medium. It was 
then discovered that a harvest of yeast which would 
ferment maltose with no appreciable lag at a rate 
comparable to glucose fermentation could readily be 
obtained in the absence of maltose in the growth 
medium, provided that the supply of assimilable 
nitrogen in the growth medium was restricted. The 
effect of limited nitrogen could be enhanced by 
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Table 1 
Maltose fermentation Yield 
Treatment (ul. CO,/hr./ (mgm. wet 
10 mgm. yeast) — weight) 
Inoculum 183 (100) 
0-014 M amino-N 18 182 
0-0036 M amino-N 156 171 
0-0011 M amino-N 374 156 
0-0004 M amino-N 483 150 

















Basal medium: 0-425 gm. KCl, 0-246 gm. CaCl,.6H,0, fe 125 gm. 
SO,. 7H,0, 2-5 mgm. MnSO,.4H,0, 4-2 mgm. FeCl,.6H,O, 0°6 gm. 
2P0,, 2°5 mgm. pyridoxine, 2-5 mgm. calcium pantothenate, 

20 mgm. inositol to 1 litre with water. 


simultaneously restricting the sugar supply (usually 
glucose). 

Table 1 contains the results of one of many such 
experiments, in which inocula of 100 mgm. of yeast 
(wet weight) were seeded into 200-ml. aliquots of a 
basal medium as indicated, containing varyi 
amounts of ‘Difco Casamino’ acids and 0-028 M 
glucose. After 3 hr. growth at 30° C., with aeration 
at 500 ml./min., the yeast from each flask was 
harvested, washed twice with isotonic saline, and 
samples were immediately examined in the Warburg 
apparatus. 

It will be seen from Table 1 that the decrease in 
maltose fermentation rate in the 0-014 M amino- 
nitrogen medium cannot be accounted for by dilution 
of the intracellular level of existing enzyme by 
growth; with the two lowest levels of nitrogen 
there was an overall increase in fermentation activity. 

In experiments carried out over 24 hr., yeast of 
high maltose-fermenting activity was seeded into an 
aerated synthetic medium containing 0-11 M sucrose 
and 0-014M amino-nitrogen (as ‘Difco Casamino’ 
acids), with vitamins and salts as before. Aliquots 
were withdrawn at intervals of 1 hr. and the yeast 
was spun down, washed and tested immediately in 
the Warburg for maltose fermentation. 

The yeast sample withdrawn after the first hour 
had one-third of the maltose fermentation rate of the 
original seed, the latter evolved 272 ul. carbon dioxide/ 
hr./10 mgm. yeast (wet weight), whereas the sample 
withdrawn at one hour evolved 76 ul. By the third 
hour the rate had fallen to zero and there was no 
activity until the ninth hour, when a low rate of 
21 ul. was recorded. The rate then steadily increased 
until by the twenty-fourth hour of growth the 
activity was 283 ul. The loss of ability to ferment 
maltose when seeded into a fresh medium containing 
ample nitrogen is quite reproducible, as is the induc- 
tion of the maltose-fermenting system in media 
containing little nitrogen and sugar. Similar results 
were obtained using media where the sole nitrogen 
source was DL-asparagine or ammonium sulphate ; 
but the degree of response was always less than for 
casein hydrolysate. 

Moreover, if the rate of growth was restricted by 
other means, for example, by supplying galactose as 
sole sugar, or omitting vitamins, or severely reducing 
the glucose level in the medium, then even in the 
presence of excess nitrogen maltase synthesis was 
induced. Table 2 contains results of one such 
experiment. It has not yet been determined whether 
the effect is due to the overall diminished growth 
activity, or to a restriction of nitrogen uptake per 
cell arising from this diminished activity, although 
determination of the nitrogen content of harvested 
yeast cells by a modification of Conway’s procedure* 
shows only a weak inverse correlation between maltose 
fermentation and nitrogen, with a much stronger 
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Table 2 




















Maltose fermentation Yield 
Treatment (ul. CO,/hr./ (mgm. wet 
10 mgm. yeast) weight) 
Tnoculum 109 (100) 
0-014 M amino-N, 0-056 M 
glucose 31 197 } 
0-014 M amino-N, 0-056 M 
747 140 
0-014 Mamino-N,0-0056 M 
glucose 658 169 
0-014 M amino-N, 0-056 M 
glucose, omitting vitamins 556 193 





inverse correlation between yield and fermentation 
rate. 

The maltose-fermenting system of these yeasts 
must be considered as adaptive owing to its extreme 
lability. Yet such activity can be induced in the 
absence of maltose or a substrate analogue by altering 
the cultural conditions in one of several ways to 
restrict growth. In view of the current interest in 
enzyme adaptation it is obviously of importance to 
ascertain whether other of the known adaptive 
enzyme systems will respond in this way. Recently, 
White* has described experiments on yeast from 
which he concluded that ability to ferment maltose, 
and glucose, often proved to be a function of the 
stage of the harvesting of the yeast crop. The 
likelihood is that the variations found were a function 
of the concentration of sugar or nitrogen in the 
medium at the time of harvest. 

It is hoped to publish a full account of this work 
with experimental details elsewhere. 

We would like to thank our colleagues in this 
Department for their help and criticism, and also the 
Directors of the Distillers Company, Limited, for 
permission to publish this work. 

F. 8S. M. GryYLLs 
J. S. Harrison 
Research and Development Dept., 
Distillers Company, Limited, 
Epsom. 
Aug. 25. 
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A Factor influencing the Protozoal 
Population in Sheep 


THE quantitative importance of the protozoa in 
ruminal digestion has not yet been positively assessed. 
The recent work of Sugden and Oxford’ and Sugden? 
shows unequivocally that various protozoa digest 
both starch and cellulose and also utilize a number 
of soluble carbohydrates*. Furthermore, McNaught 
et al.*, using rats, showed that the protozoa yield a 
protein of higher biological value than the ruminal 
bacteria. 

The concentration of the ruminal protozoa is 
strongly influenced by diet®, but from the results of 
a number of experiments in this laboratory, it became 
apparent that the composition of the diet may be 
overshadowed by other factors. One such factor 
has been observed in an experiment designed to 
determine the influence, on ruminal metabolism, of 
feeding, in five different ways, a simple ration of 
roughage and sheep cubes to Merino sheep. The 
700-gm. daily ration was palatable and eaten avidly 
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Table 1 


Ration 
No. 








Treatment Protozoa x 1° */mj,| 
(Mean of 5 sheep) 

4 $ ration fed at 09.00, 11.00, 13.00 

and 15.00 hr. 3-14 

3 4 ration fed at 09.00 and 17.00 hr. 2-26 

1 Roughages fed at 09.00 hr., sheep 

cubes at 17.00 hr. 

5 Sheep cubes fed at 09.00 hr., rough- 

















ages at 17.00 hr. 2:26 
2 Whole ration fed at 09.00 hr. 1-15 
LS.D. 5% =0-666 = 
1% =0-93 
0-1% =1-32 


as soon as presented. The five treatments were used 
ina 5 x 5 Latin square design. These, together with 
the mean protozoal counts, are shown in Table 1. 

Rumen samples were taken by stomach tube on 
the final day of each 4-week period, immediately 
before feeding. Counts were made by a modification 
of the method outlined by Adam‘. 

A sharp division of the protozoal counts into three 
levels is apparent, notwithstanding the fact that the 
same diet was used throughout. Treatment 4 is 
significantly higher than all other treatments (P<5 
per cefit). No significant difference exists between 
treatments 3, 1 and 5, but these are all higher than 
treatment 2 (P<1 per cent). 

The relationship of these data to ruminal condi- 
tions awaits assessment, but they show clearly that 
the eating habit of the animal can be an important 
factor in determining the level of the protozoal 
population. 

R. J. Moir, 
M. Somers 
Institute of Agriculture, 
University of Western Australia, 
Nedlands. 
Sept. 24. 
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Use of the Cervical Mucus Smear in assessing 
Ovarian Activity in the Ewe 


PAPANICOLAOU** noted that when the cervical 
mucus of women was spread to dry on a glass slide 
a characteristic ‘crystallization’ took place. This 
phenomenon has been investigated by Zondek*. Its 
use as a simple test for determining ovarian function 
has been extended recently to domestic animals, 
notably the cow*-*. So far we are not aware of any 
such studies with the ewe. 

The complexity of the external orifice of the cervix, 
particularly in aged ewes, presents a difficulty in the 
collection of a cervical specimen uncontaminated 
with vaginal mucus. With experience mucus was 
readily obtained through use of a ‘Coldite’ vaginal 
speculum and glass rod, or directly from slaughtered 
animals. Smears on a clean glass slide were examined 
microscopically under low power when dry. It was 
found necessary to warm slides before examination 
in cold weather. The fern-like patterns disappeared 
fairly rapidly on cooling again. Cervical mucus was 
recovered from Romney ewes running with raddled 


















di- 
lat 
nt 
yal 


al 
de 
Lis 


on 
ls, 


iX, 
he 
ed 


al 
ed 


ed 


on 








asas December 29, 1956 


“CRYSTALLIZATION” IN CERVICAL Mucus SMEAR DURING 


Tabie 1. 
THE (ESTROUS CYCLE OF THE EWE 


Day of 


cycle -7 -6 -5 -4 -3 -2-1 O41 +42 +3 +4 +5 +6 
Vo. showing 


vositive 0 8 4 6 12 18 2 38 21 6 O 8 08 0 


f'otal 
mears 9 13 15 25 27 28 27 33 33 30 19 9 6&6 2 


Per cent 
showing 
positive 


0 23 27 24 44 64 93100 64 20 0 22 0 0 


teasers during ancestrus and the breeding season. 
Mucous secretions of the cervix from pregnant ewes 
and from castrated and hysterectomized animals 
were observed, as well as cervical mucus from ewes 
receiving injections of cestrogens, progesterone and 
the gonadotrophin from pregnant mare serum. 

During the cstrous cycle the fern-like patterns 
were present in association with cestrus as shown in 
Table 1. No such “crystallization” occurred in 
specimens taken in late pregnancy, in ancestrus or 
from uninjected ovariectomized ewes. Toward the 
end of the breeding season when the phenomenon of 
‘silent cestrus’ is not uncommon the cervical mucus 
suggested ovulation unaccompanied by cestrus in 
several ewes. Ovulation in some instances was con- 
firmed by recovering the ova a few days later. 
Likewise, patterns were seen when ovulation was 
induced with pregnant mare serum in five ancestrous 
ewes. Three hysterectomized ewes were available 
for study. Negative mucus persisted for several 
months during the breeding season, indicating per- 
haps that the life of the corpus luteum had been 
prolonged*®. While none of these ewes has been in 
cestrus since, it is interesting to note that the negative 
mucus was superseded by fern-like patterns before 
the end of the breeding season and these positive 
smears have continued. The ovaries of one animal 
are being examined histologically. 

In thirty-seven cestrous cycles a single injection 
of estradiol benzoate was given to study the in- 
hibiting effect of progesterone on pattern formation 
during the luteal phase. On the third day post- 
cestrus both 100 ugm. and 50 ugm. cestradiol benzoate 
induced a positive mucous smear. These same levels 
of cestrogen on the sixth day resulted in one positive 
response only in four animals treated at each level. 
Administration of > 150 yugm. was completely 
successful. From the ninth to twelfth day > 50 ugm. 
always caused pattern formation, as did several 
injections of 20 ugm. This greater sensitivity in the 
late luteal phase may reflect a reduced inhibitory 
effect, lower progesterone secretion or an increase in 
endogenous cestrogens. . 

Another phase of the work, using ovariectomized 
ewes, was to study the quantitative relationship of 
progesterone to oestrogens when the hormones were 
injected simultaneously. It is known that progesterone 
pretreatment in the ewe results in a marked increase 
of sensitivity to cestrogen'®. When 10 mgm. pro- 
gesterone was administered daily for three days prior 
to the simultaneous injection of cestrogen and 10 mgm. 
progesterone we noted that 20-25 ugm. cestradiol 
benzoate caused “‘crystallization” and > 50 ygm. 
led to cestrous behaviour. The marginal levels when 
cestrogen was given as @ single injection 40 hr. after 
the progesterone priming were 15 ugm. and 25 ugm. 
respectively. 

These results show a high degree of sensitivity on 
the part of the cervical mucus smear to cestrogen and 
progesterone, and therefore suggest its suitability in 
determining the quantitative production of the 
ovarian hormones in the ewe. 
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Manganese Deficiency in Chlorella under 
Heterotrophic Carbon Nutrition 


In the course of an investigation of the effect of 
manganese on nitrogen metabolism in Chlorella, 
limitations in growth of Chlorella due to lack of 
manganese have been obtained under autotrophic, 
mixotrophic and heterotrophic conditions of carbon 
nutrition with both nitrate and ammonium as nitrogen 
sources. In the recent report of Pirson and Bergmann’, 
it is stated that for Chlorella vulgaris, “manganese 
deficiency has no influence upon growth in hetero- 
trophic culture in darkness’’. 

Chlorella vulgaris var. viridis has been grown in 
a solution of purified nutrients in an apparatus*® 
devised for the rapid growth of Chlorella under normal 
and micronutrient deficient conditions. No measur- 
able growth took place in the purified nutrient 
solution without the addition of manganese. In this 
study, normal culture solutions were supplied with 
0-4 p.p.m. of manganese, and deficient solutions, 
except autotrophic cultures, were supplemented 
with 0-004 p.p.m. of manganese. The nitrate auto- 
trophic culture received 0-003 p.p.m. of manganese 
and the ammonium autotrophic culture, 0-008 p.p.m. 
of manganese. Glucose, purified by passage through 
a@ mixture of ‘Dowex 50’ and ‘Dowex I’, was included 
in mixotrophic and heterotrophic cultures at a 
concentration of 1 per cent. 

Growth of Chlorella (Table 1) was limited when 
manganese was deficient under all conditions of 
carbon nutrition. This is in contrast with the ex- 
perience of Pirson and Bergmann’. Manganese, as 
@ contaminant in their nutrient solutions, may 
account for the failure of these workers to obtain 

















manganese-deficient effects under heterotrophic 
conditions. 
Table 1. TERMINAL GROWTH OF Chlorella UNDER VARIOUS CONDITIONS 
Packed a volume Dry Ma 
m/l. mgm./ml, 
Carbon 
nutrition Mn- Mn- Mn- Mn- 
sufficient | deficient | sufficient deficient 
Nitrate as nitrogen source 
Autotrophic 11 4 3-2 1-4 
Mixotrophic 13 6 3-5 2-2 
Heterotrophic 23 14 5-5 7:3 
Ammonium as nitrogen source 
Autotrophic 4 3-0 1-5 
Mixotrophic 11 5 3-5 1-9 
Heterotrophic 16 12 50 3°8 
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Table 2. THE MANGANESE STATUS OF Chlorella CELLS GROWN IN THE 
PRESENCE OF LOW LEVELS OF MANGANESE 











Manganese | 
content | 
Growth Mang: ° 
Carbon Nitrogen r Packed recovered 
nutrition source ded cell wt. in cells 
Mn volume | basis per cent 
ul./ basis | ugm./ 
vem. |ygm./ml} gm. 
Autotrophic Nitrate 1,300 20 56 114 
Mixotrophic ce 1,600 0-6 17 46 
Heterotrophic ~ 3,500 0-4 1:3 64 
Autotrophic —- 475 2-0 48 63 
um 
Mixotropbic oF 725 0-2 0-6 14 
Heterotruphic i 3,000 0:3 10 45 


























* Manganese content of nutrition solution was found to be 0-003 p.p.m. 


These results show that for the same amount of 
manganese, growth under heterotrophic conditions 
was greater than in the light. This is in accord with 
the observations of Pirson and Bergmann'. The 
point is more clearly demonstrated when the growth 
data were calculated as microlitres of Chlorella pro- 
duced per microgram of added manganese (Table 2). 
However, when the manganese content of the cells 
was determined*, the striking difference was shown 
to be between the presence and absence of added 
glucose, and not between light and dark. 

If manganese requirement is based on its level in 
the manganese-limited cell when growth ceases, such 
@ requirement is clearly several times higher for 
photosynthesis than for other functions. 

The quantity of manganese recovered in the cells 
(Table 2) suggests an explanation for the apparent 
difference in manganese requirement based on growth 
response as compared with manganese content. Thus, 
the recovery of manganese was less under mixotrophic 
conditions than under autotrophic or heterotrophic 
conditions, indicating that in the presence of both 
photosynthesis and glucose metabolism, manganese 
absorption was impaired. Unfortunately, it was 
impossible to confirm this further by analysis of the 
residual solution. 

Since manganese is involved in so many enzymatic 
processes‘ it is not surprising to find that it is required 
under heterotrophic conditions. However, it is clear 
that most of the requirements under autotrophic 
conditions are for photosynthesis. The requirement 
of manganese for photosynthesis has been shown’ 
previously. It is now suggested that the apparently 
high requirement of Chlorella for manganese under 
mixotrophic conditions is due to restricted manganese 
absorption and that the low requirement for man- 
ganese under heterotrophic conditions has obscured 
the actual need for this element. 

Note added in proof. Eyster, Brown and Tanner 
(Arch. Biochem. Biophys., 64, 240 (1956)) have 
reported that there is no Hill reaction in manganese- 
deficient Chlorella cells and that photosynthesis is 
25 per cent of normal. 

GeraLp 8. Rersner* 
Joun F. THOMPSON 
U.S. Plant, Soil and Nutrition Laboratory, 
Agricultural Research Service, 
Ithaca, New York. 
Oct. 3. 


* Present address: Goddard College, Plainfield, Vermont. 
1 Pirson, A., and Bergmann, L., Nature, 176, 209 (1955). 
* Reisner, G. S., and Thompson, J. F., Plant Physiol., 31, 181 (1956). 
* Gates, E., and Ellis, G. H., J. Biol. Chem., 168, 537 (1947). 
* McElroy, W., and Nason, A., “Ann. Rev. Plant Physiol.”’, 5, 1 (1954). 
5 Pirson, A., Tichy, C., and Wilhelmi, G., Planta, 40, 199 (1952). 
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A Phosphate Requirement for Nitrz-e 
Reductase from Neurospora crassa 









THE enzyme nitrate reductase which cataly: +s the 
reduction of nitrate to nitrite in some bac orig! 
fungi*-* and green plants* has been shown t« be 4 
flavoprotein® containing molybdenum**, = | ring 
enzyme action the micronutrient undergoes a v.\ence 
change’ involving Mott and Mo*+. 

This communication reports that further pu ifica. 
tion of nitrate reductase from N. crassa has show vn it 
to have a requirement for phosphate which c.. be 
replaced completely by arsenate, tellurate or se! ‘nate 
and partially so by silicate or sulphate. 

NV. crassa wild type 146 (microconidial type) was 
grown in a modified Fries medium — conte ining 
ammonium nitrate as the source of nitrogen’. The 
media were dispensed in 200 ml. amounts in | -litre 
Erlenmeyer flasks sterilized for 10 min. at 10 1). per 
8q. in., cooled and inoculated with a spore suspension 
of the fungus. After four days growth at 28° C. in the 
dark, the felts, harvested in a Biichner funnel, were 
well washed with distilled water and frozen for 3 hr. 
at — 15°C. They were ground in a pestle and mortar 
with three times their weight of cold 0-1 M phosphate 
buffer (9H 7-5) and then in a Ten Broeck lass 
macerater. The homogenates were centrifuge at 
3,000g for 15 min. at 0°C. The supernatant was 
fractionated with ammonium sulphate, calcium 
phosphate gel and carbon adsorption procedures as 
summarized in Table 1, 

The final enzyme preparation was dissolved in 
distilled water and represented an 84-fold purification 
of the enzyme. Protein was determined by the Folin 
method’. 

The enzyme was assayed as follows: 0-1 mi. 
enzyme (100 yugm. protein/ml.); 0-1 ml. 0-1 M 
potassium nitrate; 0-02 ml. boiled, tris(hydroxy- 
methyl)amino-methane extract of acetone powder of 
pig heart (pH 7-5); 0-05 ml. 2 x 10-* M reduced 
triphosphopyridine nucleotide and 0-1 M tris buffer 
(pH 7-5) to a final volume 0-5 ml. In the control 
tubes reduced triphosphopyridine nucleotide was 
omitted. After 10 min. incubation at 25°C., nitrite 
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Table 1. PURIFICATION OF NITRATE REDUCTASE FROM Neurospora 
Total Total protein} Bo omooke activity Per cent 
units mgm. . protein} recovery 
Crude extract 23,900 1,300 18°4 
0-43 per cent ammonium aaaints 9 ppt. =3 I 7,600 185 40°5 31°8 
Ill 24-46 per cent ammonium sulpha dite? 4,660 94 50 19-5 
IV ose phosphate gel treatment of 0-2 M pyrophosphate ins ic on pea 
t 4 
V 0-100 per cent ammonium sulphate pot. of IV (washed four 
times with saturated ammonium sui mae solution) 800 4-1 195 3-3 
VI Aqueous solution of V treated with ‘Darco G. 60° carbon* slurry ; 
centrifuged at 3,000 g for 15 min. Activity of supernatant 200 0- 13 1,539 0-84 
Total purification 84-fold eee - 











* ‘Darco @.60’ carbon (30 mgm. added/ml. enzyme) obtained from Darco Corporation, 42nd East Street, New York. 


Table 2. THs SUBSTITUTION OF OTHER ANIONS FOR PHOSPHATE IN NITRATB REDUCTASE (FRACTION V1) 
(Values as per cent) 



























































| 
Anions PO,’” | P,0,”” ATP | As0,’” BO,’” | 8i0,” vo; MoO,” | MoO,” | WO,” 80,” SeO,” | TeO,” 
| Exp. 1 100 0 0 97 0 48 ¢ 0 0 0 42 100 100 
| ig 100 0 0 120 0 0 0 0 0 91 100 100 
era 100 0 0 62 0 35 0 62 100 100 
Mean 100 0 0 93 0 42 0 0 0 0 65 100 100 
Anions dispensed in 0-05 M tris buffer (pH 7°5). Enzyme assay as in text; plus anion in 0-1 ml. at a final concentration of 107 M. 


was determined by adding sulphanilamide and N-(1- 
naphthyl)-ethylenediamine reagents’. 

Reduced triphosphopyridine nucleotide was pre- 
pared by reducing triphosphopyridine nucleotide 
with isocitric dehydrogenase extracted in 0-1 M tris 
buffer (pH 7-5), from acetone powder of pig heart. 

The effect of adding graded amounts of phosphate 
in vitro to 0-1 ml. of the purified enzyme (fraction V1) 
containing 110 ugm. protein/ml. is shown in Fig. 1. 

Maximal activity was obtained when 2-5 uM 
phosphate was added to 0-1 ml. of the enzyme. 
Adenosine triphosphate at either 10-* or 10-* M did 
not substitute for inorganic phosphate. The enzyme 
was not inhibited by uncoupling ts, for ex- 
ample, dinitrophenol at 1 x 10-* and 10-*M; 
aureomycin at 5 x 10-*M or sodium arsenite at 
1 x 10-? M, so that there is no evidence, in these 
experiments, for a phosphorylation mechanism during 
nitrate reductase action. 

The results in Table 2 show that the phosphate 
requirement can be replaced completely by selenate, 
tellurate or arsenate and to a lesser extent by sulphate 
or silicate, each at a final concentration of 10-* M. 

It is likely, therefore, that one of the roles of phos- 
phate in nitrate reductase is to bind the molybdate 
to the apoenzyme, as the replacement anions which 
have similar atomic radii to phosphate (2-76 A.), being 
within the range 2-4—-2-8 A., also form complexes 
with molybdates. 

A full account of this and related work will appear 
elsewhere. 

D. J. D. Nicwowas 
J. H. Scawin 
Agricultural Research Council 
Unit of Plant Nutrition (Micronutrients), 
Long Ashton Research Station, 
University of Bristol. 
Oct. 8. 
' Nicholas, D. J. D., and Nason, A., J. Bact., 69, 5, 58 (1955). 
* Nicholas, D. J. D., Nason, A., and McElroy, W. D., J. Biol. Chem., 

207, 341 (1954). 

* Nicholas, D. J. D., and Nason, A., J. Biol. Chem., 207, 353 (1954). 
* Nicholas, D. J. D., and Nason, A., J. Biol. Chem., 211, 183 (1954). 
* Nicholas, D. J. D., and Nason, A., Plant Phys., 30, 135 (1955). 
* Nason, A., and Evans, H. J., J. Biol. Chem., 202, 655 (1953). 

’ Nicholas, im J. D., and Stevens, H. M., Nature, 176, 1066 (1955). 


* Lowry, O , Rosebro rough, N. I., Farr, A. L., and Randall, R. J., 
J. Biol. Giem 198, 265 (1951). 





Thiamine-deficiency of Prototheca, 
a Yeast-like Achloric Alga 


In 1894, Kriiger! described two micro-organisms 
isolated in Germany from mucous flux of Tilia and 
Ulmus spp., namely, Prototheca moriformis and P. 
zopfit. Although the generic diagnosis indicated the 
micro-organisms to be fungi, they could not be con- 
nected with the Saccharomycetes nor with the lower 
Phycomycetes. Chodat* showed that the genus 
should be referred to the achloric strairs of the alga 
Chlorella; this was confirmed later- on by Printz*. 
Ashford et al.‘, isolating P. portoricensis and its 
variety trispora from cases of human sprue in tropical 
areas, confirmed the ability of this genus to grow 
also on chemically defined media, although best 
growth was always obtained in peptone-containing 
media. Negroni and Blaisten® reported that it was 
impossible to cultivate P. ciferrii, isolated from potato 
skin, in the absence of peptone. More recently, 
Butler*® induced by radiation a number of chlorophyll- 
less mutants of Chlorella pyrenoidosa that, in his 
opinion, could be referred to the genus Prototheca. 
The achloric strains can grow on chemically defined 
media and do not require vitamins or other growth 
factors. 

Investigations under way in this Institute showed 
that, in the presence of peptone as nitrogen source, 
four species of Prototheca (P. zopfit, P. portoricensis, 
P. port. var. trispora and P. ciferrii), grew well 
utilizing a wide variety of carbon substrates. On the 

contrary, all the species failed to grow in media 
containing glucose, inorganic salts and amino-acids. 
The vitamin requirements of P. portoricensis var. 
trispora are shown in Table 1. 

The results were confirmed when thiamine or 
peptone or their mixture were added to a chemically 
defined vitamin-free medium (Table 2). 

A more extended investigation, including Butler’s 
achloric strains of Chlorella pyrenoidosa, is now being 
made ; it will be reported in detail elsewhere. But 
it may be concluded that some nutritional require- 
ments of Prototheca and Prototheca-like Chlorella 
strains are quite different. The absence of vitamin- 
deficiencies of the achloric mutants of Chlorella 
indicates a metabolism still autotrophic while natural 
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Table 1. GROWTH DETERMINED 
DENSITY x 10) 
Vitamin or Basal medium® plus 
growth factor Peptone Na ee Arginine Proline 
None | 23-0 0-9 15 1-4 
1 | 5-0 55-5 62-0 
B; oo | 32 11°8 7-2 
Be | — 3-0 15-0 8-0 
Biotin — 3-5 17-0 8-8 
Folic acid _ 3-3 10°3 11-5 
Calcium panto- | 
thenate 1-1 1-4 15 
{ | 
* Basal medium : . 34 gm.; KH,PO,,5 gm.; MgSO,.7H,0, 
2-5 gm.; FeSO,, 0-01 gm.; water, "1,000 ml.” aa 
Table 2 
Increase over 
Medium | Growth* basal medium 
(gm.) (per cent) 
Basal mediumt 0-040 _— 
Basal io. - eee 0-049 22-5 
Basal medium + 0-056 40-0 
Basal medium + pep- 
tone + B, 0-058 45-0 














* Dry cells weight. Each result is the average of three experiments. 


+t Basal medium as in Table 1 with 2-05 gm. of L-proline. 


Protothecae have already a heterotrophic metabolism, 
like certain fungi and bacteria. 
Or1o CIFERRI 
Botanical Institute, 
University of Pavia. 
Oct. 20. 


* Kriger, W., Hedwigia, 33, 241 (1894). 
* Chodat, R., Mat. Fl. Crypt. Suisse, 4, II, 121 (1913). 


* Printz, H., in on and Prantl, ““Natirl. Pflanzenfam.”, 2nd edit., 


3, 131 (192 
* Ashford, B. va " Ciferri, R., and Dalmau, L. M., Arch. Protistenk., 
70, 619 9 (1 930). 


* Negroni, P., and Blaisten, R., Mycopath., 3, 94 (1943). 
* Butler, E. E., Science, 120, 274 (1954). 


Thorium-bearing Minerals in New Zealand 


In the course of a comprehensive study of the 
opaque mineral sands of New Zealand, the occurrence 
of thorium-containing minerals of medium density 
has been noted in the Westport area. Dr. C. O. 
Hutton, of Stanford University, California, has identi- 
fied the principal minerals responsible as thorium- 
bearing sphene and the epidote allanite (private 
communication). 

That part of a fairly crude magnetically separated 
fraction that sank in bromoform, s.g. 2-8, but which 
floated in methylene iodide, s.g. 3-3, analysed 0-1 per 
cent thorium oxide by chemical methods. (Analysis 
of the thorium oxide was carried out by the Dominion 
Laboratory.) The ratio of the weight of this fraction 
in the sample studied to the weight of ilmenite 
contained was approximately 1 : 7. 

D. 8. Nicholson! has roughly estimated that from 
surface indications there could be some 90 million 
tons of sand containing some 5 million tons of ilmenite 
in the area. It is assumed, but has not been estab- 
lished, that the thorium-containing minerals occur 
throughout the deposits. 

It is understood that neither mineral is a com- 
mercially acceptable source of thorium to-day. 

W. R. B. Martin 


Victoria University College, 
P.O. Box 196, 
Wellington, N.Z. 

Sept. 10. 


+ Nicholson, D. 8., Ilmenite Deposits, in N.Z. Dominion Laboratory 
Circular (1949). 
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TURBIDIMETRICALLY (OPTICAL AA Through-conducting System co-ordin:ting 


the Protective Retraction of Alcyonium 
(Coelenterata) 


AtrHouGH Milne-Edwards' and Hickson® © »port 
the existence of co-ordination between the poly s of 
Aleyonium, there is very little to be found i:: the 
literature beyond this bare record. Kassianov® comes 
to the conclusion that there is no colonial nervous 
system in Alcyonium. Kukenthal‘ states that in 
Alcyonaria the existence of a colonial nervous system 
must be inferred from (presumably mechanical) 
stimulation experiments. On the other hand, 
Hyman® concludes that “in most Alcyonarians a 
nervous plexus seems to be absent from the well of 
the anthocodia and the general coenenchy ne’, 
except that “the occurrence of such a plexus in the 
coenenchymal epidermis has been verified for 
Veretillum and may be expected in many Pen. 
natulacea’’. 

The use of electrical stimulation has recently 
revealed a through-conducting system which co. 
ordinates the protective retraction of polyps in 
several groups of Octocorallia.. In Alcyonium, 
Solenopodium, Tubipora and some colonies of 
Heteroxenia, a single electrical stimulus produces no 
contraction of the polyp columns, though tentacles 
anywhere on the colony may respond with a jerk. 
A second stimulus applied anywhere relative to the 
first initiates a wave of contraction of the tentacles 
and columns of all the polyps of the colony. This 
experiment shows that the first stimulus produces a 
state of excitation over the whole colony, though 
without a visible reaction. By progressively shorten- 
ing the interval between the two shocks until the 
second produces no effect, the refractory period of 
the through-conducting system has been measured 
in some instances. For the following Red Sea species 
at 25°-26°C. the refractory periods were: Hetero. 
zenia®, 0-08 sec.; T'ubipora’, 0-02 sec.; Soleno- 
podium®, 0-05-0-1 sec. In the cold-water species 
Aleyonium digitatum it was 0-15-0-2 sec. at 16°-17° C. 

However, there could be a localized effect of 
successive stimuli in addition to the above straight- 
forward through-conduction. To test this possibility 
in Alcyonium, a comparison has been made between 
the contraction of the polyps in response to eight 
shocks at 1l-sec. intervals applied to the same point, 
and eight shocks at 1-sec. intervals applied to widely 
separated points. Eight shocks are a convenient 
number because they produce a large but incomplete 
retraction. A difference in degree of contraction over 
the colony would have implied a summation at the 
one point, but in fact no difference has been found 
in twenty-five to thirty small colonies tested. The 
same experiment carried out on Sarcophytum has 
quite a different result. Summation of several 
electrical stimuli at one point is there essential 
before through-conduction is initiated’. In large 
colonies of Alcyonium (greater than 15 cm. long) 
through-conduction may not be complete, because 
it has been noted that even in small colonies through- 
conduction sometimes fails between lobes. 

The histological basis of the through-conducting 
system of Alcyonium has not been identified directly. 
An old controversy concerning the existence of nerve 
cells in the mesoglea appears to have been settled by 
Kassianov*, who describes a nerve net only in the 
walls of the endodermal tubules, not in the mesoglea 

or the ectoderm of the syndete. There is no in- 
dication that this histological endodermal net entirely 
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corresponds with the physiologically observed 
through-conducting system. The ectodermal muscle 


sheets and associated nerve nets, which are well 
developed in the individual polyps, apparently have 
no connexions between polyps*. this agrees with the 
sharp localization of the feeding responses of in- 
div idual polyps, which can be referred, mainly to the 
ectodermal musculature. When a very small electrode, 
carrying condenser shocks at 5/sec., is brought up 

, a polyp disk or tentacle, a feeding reaction or a 
ave retraction can be elicited from this one polyp 
alone; but if the through-conducting system is 
excited, then distant polyps retract no less than 
neighbouring ones, 

G. A. HorRipGEe 
Gatty Marine Laboratory, 
St. Andrews. Aug. 10. 

1 Milne-Edwards, H., Ann. Sci. Nat, (2), 4, 321 (1835). 
* Hickson, 8. J., Quart. J. Mier. Sci., 87, 343 (1895). 
* Kassianov, N., Z. wiss. Zool., 90, 478 (1908). 
‘ Kukenthal, W., “Handbuch der Zoologie”, 1, 697 (1923). 
Iiyman, L. H., ““‘The Invertebrates”, 1, 547 (1940). 
* Horridge, G. A., J. Exp. Biol. (in the press). 
? Horridge, G. A., Phil. Trans., B. (in the press). 
* Horridge, G. A., Proc. Zool. Soc. Lond, (in the press). 


Arterio-Venous Anastomoses in the Teat of 
a Cow 


RECENT studies of the circulation in the skin of 
cattle have shown that arterio-venous anastomoses 
occur in the ear of the calf and also in the skin of 
the forehead and cheek! but not in the skin of the 
general body surface*. Since they might possibly 
occur in the skin of other extremities the following 
investigation was carried out. 

At autopsy the tip of a teat of an Ayrshire cow 
and pieces of skin from the end of the tail and from 
immediately above the hoof of an A calf were 
obtained. They were fixed in 5 per cent formol- 
saline and embedded in paraffin. Serial sections of 
the blocks were cut and stained by Masson’s trichrome 
method, 

On examination of the sections no arterio-venous 
anastomoses were found in the skin of the tail and the 
leg. They were present, however, in the teat, where 
they could be recognized by the epithelioid cells in 
their media. In the serial sections it was possible 
to trace their course from artery to vein. All were 
apparently in the contracted state. Their outer 
diameters ranged from 60 to 1504. Some were short 
and unbranched while others were tortuous and 
branched. A typical arterio-venous anastomosis is 
shown in Fig. 1. It has been sectioned at a bend 
in its course, as can be seen from the shape of its 
Jumen. 

The presence of arterio-venous anastomoses in the 
teats of any species has not been previously reported. 
It is possible** that they may help to control local 
temperature in conditions of extreme heat and cold. 
However, they may also be associated with the 
mechanism of erection of the teat. Although it has 
been found’ that the most essential factor in the 
erection of the human nipple is the contraction of 
the smooth muscle core, yet some vascular engorge- 
ment of the small sinus-like vessels in the dermal 
papilla may also occur. Similar sinus-like vessels 
occur in the dermal papille of the cow’s teat. It 
seems possible that the arterio-venous anastomoses 
may control the flow of blood through these sinuses 
just as the arterio-venous anastomoses in the tongue 


NATURE 


1477 





150h 
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Fig. 1. An arterio-venous anastomosis cut obliquely at 
bend in its course. Note the epithelioid veaile in its thick 
wall. Beneath it lies the artery from which it arises, while above 
it and to the left lie the veins into which it drains 


of the dog, the sheep and the goat may control the 
flow of blood through the capillaries of the papill* ’. 

It is proposed to examine the human nipple and 
the teats of other animals to find if the occurrence of 
arterio-venous anastomoses in this location is common 
in mammalia, Examination of latex casts of the 
blood vessels of the teat may indicate whether the 
arterio-venous anastomoses control the blood supply 
to the sinus-like vessels in the dermal papillz. 

A. Myranwy NISBET 
Hannah Dairy Research Institute, | 
Kirkhill, Ayr. 
Oct. 12. 
1 Findlay, J. D., and Goodall, A. M., J. Physiol., 121, 46P (1953). 
? Goodall, A. M., J. Anat., 89, 100 (1955). 
* Grant, R. T., Heart, 15, 281 (1930). 
‘ Clark, E. R., and Clark, E. L., Amer. J. Anat., 54, 229 (1984). 
a, - P., Gairns, x. W., and Garven, H. 8. D., Trans. Roy. 
Soc. Edin., a 699 (1948). 

+ Prichard, M. M. L., and Daniel, P. M., J. Anat., 87, 66 (1953). 
Prichard, M. M. L., and Daniel, P. M., Amer. J. Anat., 95, 203 (1954). 


Root Dissection: a Method of studying the 
Distribution of wa Mycelia within Root 
issue 


THE presence of saprophytic micro-fungi in the 
decomposing cortex of roots of rye-grass' has been 
studied by a simple modification of a technique, 
described by Harley and Waid?, which was developed 
to study the active mycelia of root surfaces. Roots 
at various stages of decomposition, characterized by 
the colour and condition of the cortex, were selected 
from rye-grass (Loliwm perenne L.) growing under 
field conditions. The roots were washed by agitation 
in ten changes of 10 ml. of sterile water, and were 
then cut into 2-mm. fragments from which the outer 
cortex was dissected, leaving the central cylinder 
comprising the inner cortex and stele. Dissection 
was carried out in dishes of sterile water using sterile 
forceps and scalpel ; with practice this could be done 
by eye. The 2-mm. fragments of outer and inner 
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Table 1. FUNGI ISOLATED FROM RooTs OF RYE-GRASS WITH DECOM- 
POSING CORTEX TISSURS 
Number of isolations of various kinds of mycelia, July 26, 1954 
| Intact Dissected roots 
| roots 
| Fungal species “Root Outer Inner cortext 
surface cortext and 
population”’* stele§ 
| 100 100 100 
fragments fragments fragments 
| Rhizoctonia sp. 17 2 1 
| Penicillium spp. 24 7 0 
i Mucor spp. 12 9 3 
Fusarium culmorum 20 (33)! 17 (24) 1 (3) } 
Other sporing mycelia 23 18 9 
Sterile mycelia—dark } 
colo’ Ss 19 (19)! 8 (28) 21 (44) | 
| Sterile mycelia—hyaline 5 (4) 14 (7) 18 (23) | 
| Total mycelia 120 75 53 
} —_ ae 
mycelia 4-00 2-41 0-36 














* In the sense used by Harley and Waid (ref. 2). 
+ 3-5 cell layers, 39-97y thick, forming about 35 per cent of the total 
wt. of an intact root. 


§ 184-232. in diameter. 
| Percentage of root fragments inhabited by these fungi in samples of 
336 root-surface, 393 outer-cortex and 543 inner-cortex fragments. 


cortex and of intact roots were placed on three 
separate series of plates of Czapek—Dox ‘agar and 
incubated for a period of three weeks at 25°C. The 
results, summarized in Table 1, demonstrate the 
differences which occurred between the composition 
of the mycelial populations of the root surfaces of 
intact roots and those of the outer and inner tissues 
of the cortex of dissected roots. Some of the sterile 
species of fungi isolated from the inner cortex were 
rarely isolated from intact roots, presumably because 
they could not compete in mixed culture with such 
surface-inhabiting species as Trichoderma viride or 
Mucor spp. 

The technique can be used to determine the spatial 
relationships of different fungal species within plant 
tissue. An interesting example is the distribution of 
the mycelium of Fusarium culmorum in decomposing 
roots of rye-grass. In samples of 486 fragments, this 
fungus occurred in 135 outer and 24 inner cortex frag- 
ments. Generally, several consecutive fragments of 
outer cortex were infected with F. culmorum. Eighteen 
of the records from the inner cortex occurred on 
fragments which had been surrounded by an outer 
cortex that was infected with F. culmorum. Three of 
the remaining six records from the inner cortex were 
located in fragments which were adjacent to regions 
of infected outer cortex. The observations indicate 
that the ability of F. culmorum to infect the inner 
cortex was dependent upon its initial establishment 
in the outer cortex. This is in contrast to the distribu- 
tion of some of the more abundant species of sterile 
fungi from the inner cortex which were isolated 
infrequently from the outer cortex (Table 1). I 
suggest that similar techniques might be developed 
to follow the course of infection by pathogenic fungi 
in diseased plant structures. 

Attempts have been made to isolate the mycorrhizal 
fungi associated with beech (Fagus sylvatica L.). 
Microscopic inspection showed that the outer layers 
of the hyphal mantle which encloses the cortex of 
infected roots of beech consisted of the hyphz of 
several species of fungi, some of which were non- 
septate and some septate with dark-coloured hyphal 
walls. This meant that the isolation of the ectotroph 
would be subject to contamination by the non- 
mycorrhizal fungi which inhabit the mantle surfaces. 
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To avoid such contamination the mycorrhiza roots 
were washed in sterile water and the mycc rhizaj 
mantle was then removed by dissection. Vera] 
kinds of sterile mycelium were isolated from t! : root 
cortex in various types of culture media, an. it jg 
possible that they had occupied the interc: |lulay 
spaces of the outer cortex, that is, the region f the 
Hartig net. Fungi isolated from the hyphal » antic 
were mainly sporing forms. 

I wish to thank Dr. J. L, Harley and the Dir.ctoy 
of the Grassland Research Institute, Dr. W ‘liam 


Davies, as well as Mr. T. E. Williams, for their 
encouragement, also the Agricultural Res. arch 
Council for a training grant during the tenure of 
which the studies on beech were made. 

J. S. Warp* 


The Grassland Research Institute, 
Hurley, Berkshire. 
* Present address: The Nature Conservancy, Merlewood Researc) 
Station, Grange-over-Sands, Lancashire. 


* Waid, J. S., Trans. Brit. Mycol. Soc. (in the press). 
* Harley, J. L., and Waid, J. S., Trans. Brit. Mycol. Soc., 38, 104 (1955), 


Some New Observations on the 
Development of the Proteus Group of 
Amoebae 


For no member of the proteus group of Amocbae 
is there any published account of what takes place 
between the hatching of the spore and the attain- 
ment of adult size. (Throughout this communication 
Jepps' has been followed in the use of the terms 
spore, cyst and proteus group.) The technique’ of 
removing mature Amoebae from their culture to a 
dilute inorganic fluid (KCl, 0-006 gm. ; MgSO,.8H,0, 
0-002 gm. ; CaHPO,, 0-004 gm.; 1,000 ml. Glasgow 
tap water), thereby changing the pH of their environ- 
ment, has facilitated the elucidation of these stages 
and therefore of giving some explanation of why 
4—6 months are occupied by the juvenile stages. When 
adult they divide by fission once in three days— 
a striking contrast. 

All mature Amoebae of this group contain some 
spores. For the sake of simplicity the species A. 
lescherae will be used to portray the new knowledge 
acquired. It is needless to emphasize the precaution of 
dealing with a culture of A. lescherae uncontaminated 
with any other amoeba species. 

Introduce into a Petri dish (4 in. diam.) half-filled 
with inorganic fluid about 20 mature A. lescherae. 
The Amoebae are killed, spores released and bacterial 
decomposition sets in. After about a week (60° F.) 
hatching amoebulae, 5-6, may be studied with a 
4-4-mm. water immersion lens in situ. These feed and 
then encyst (? digestive cysts). After a varying period 
of time, not less than a week, excystation takes 
place. It is a beautiful sight to see the creatures 
emerging through a minute opening and freeing 
themselves from the cyst wall. When half-way 
through, they look like balloons tied round the middle. 
These creatures feed, and their growth is accelerated 
if minute flagellates are added. Once more, these now 
larger amoebulae encyst. Encysted amoebulae can 
always be distinguished from spores by their 
possession of food vacuoles. 

After a varying period of time, even so long as a 
month, excystation again takes place. So the story 
goes on: a feeding stage, followed by encystment, 
excystation feeding and consequent growth. The 
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largos’ cysts after three months measure 39u. The 
Amovbae emerging from these large cysts grow 
rapiily to adult proportions, but they are almost 
transparent. 

[hus during the juvenile stage a much longer time 
is spent in eysts than in active stages. What induces 
excystation, an excystment factor* or a favourable 
environment, has still to be investigated. A fuller 
nt of this work will be published elsewhere. 


Monica TAYLOR 
tire Dame, 
Dowanhill, 
Glasgow. 
\ Jepps, M.'W., “The Protozoa, Sarcodina” (Oliver and Boyd, Edinburgh, 
156). 
2 Taylor, Monica, Sister, Nature, 178, 100 (1956). 
*Singh, B. N., Mathew, S8., and Sreenivasaya, M., Nature, 177, 621 
(1956). 


Tagging Green Turtles, 1951-55 


ON three little islands off the south-west coast ot 
Borneo, the Sarawak Turtle Board annually collects 
for salé or replants for hatching more than a million 
eggs of the green or edible turtle (Chelonia mydas 
Linn.) In 1951 we commenced marking experi- 
ments on this population. By 1953 we had settled 
on polished, monometal, hard-steel, ‘cow-ear’ type 
tags—one side with an inset code-number; “‘saRa- 
WAK MUSEUM: REWARD” on the other. These are 
punched and locked through the inner rear trailing 
edge of one forward flipper on an adequate sample 
of laying turtles. 

First 1953 returns showed repeated laying in 
following weeks of the ‘season’*. But no 1953 turtle 
repeated in 1954; and so through 1954-55, until 
1956 (about 4,000 tagged). It is unlikely that tags 
could be regularly overlooked at these three small 
beaches, where every female is numbered in, flagged, 
clocked and the clutch-size recorded on an all-night 
rota, by trained Malay watchers. 

The first proved ‘over-season’ repeat came on 
July 4, 1956, from a turtle initially tagged on July 30, 
1953. By the end of July, fourteen had been recorded, 
all tagged in July or early August 1953. This trend 
has continued increasingly to date. Many of the 
1953+ 56 recoveries have repeated several times in the 
latter year, as in the former: B 1544 has now laid 
well over 1,000 eggs on eleven recorded visits, five in 
1953 and six in 1956. 

The immediate result is a proved method of tagging 
sea-turtles, durably and harmlessly. Only one 
number has been eroded. No turtle has been visibly 
injured. Previous attempts, notably by Schmidt? 
and Moorehouse‘, only succeeded over short periods. 
Prof. A. Carr is now using these tags on Atlantic 
green turtles ; he already reports significant results. 
I shall be pleased to correspond with others interested. 

Tom Harrisson 

Sarawak Museum, 

Kuching, 
British Borneo. 
Oct. 1. 


? Harrisson, Tom, Sarawak Mus. J., § (3), 593 (1951). 

* Harrisson, T, Nature, 169, 198 (1952). 

* Schmidt, John, Meddelelser Kommissionen Havundersogelser, Serie : 
Fiskeri, § (i), 1 (1916). 

ns ior F. W., Repts. Great Barrier Reef Commission, 4 (1), 1 

* Carr, A., University of Florida, Dept. of Biological Sciences; persc nal 
communication, August 25, 1956. 
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A Selective Medium for the Isolation of 
Coliform Soft Rot Bacteria from Plant 
Tissue 


Durine further studies on black leg disease of 
potato, difficulty was experienced in isolating the 
appropriate pathogens, which were identified as 
Erwinia atroseptica (van Hall) Jennison syn. Bact- 
erium atrosepticum (van Hall) Burgwitz. Even using 
the screening methods of Noble and Marshall’, 
namely, seeding plates of meat infusion agar with 
contaminated material from infected stems and 
tubers, selection of the organisms was difficult owing 
to the growth of many other types of bacteria. 
MacConkey’s lactose bile-salt neutral red agar was 
found to be more selective, but Pseudomonas spp. 
could not now be identified by fluorescence in ultra- 
violet light, although a number still grew on the 
plates. The selective pectate gels of Rudd-Jones* 
and others were also tried, but proved to be difficult 
to prepare especially with ‘limited facilities, and were 
often too soft to use for plating. 

One of the characters of the coliform soft rot 
bacteria is their ability to grow and produce an acid 
reaction in salicin basal-salt media. A solid medium 
was therefore devised which would be selective and 
would allow this reaction to take place as an aid to 
identification. 

The constituents are as follows : 


Salicin 

Sodium taurocholate 

Ammonium dihydrogen phosphate 
Magnesium aee (Mg80,7H,0) 
Potassium chloride 

Bromthymol blue (water soluble) 


Agar 
Distilled water 


- 


Ssrrvdedse 
g Jy) 


g 


The ingredients are mixed in a flask and dissolved 
by steaming. The pH is corrected to 7-0, the medium 
tubed and sterilized by bringing the pressure in the 
autoclave to 15 lb. momentarily, then switching off. 
In preliminary experiments sodium pectate was 
substituted for salicin in the medium, but growth 
was unsatisfactory. 

Erwinia spp. and Aerobacter spp. produce roughly 
circular, entire, finely granular, yellow to yellowish- 
orange colonies about 1 mm. in diameter after four 
days at 26°C. Colonies should be removed to meat 
infusion agar slopes as soon as possible beeause they . 
quickly loose viability on the medium. To differ- 
entiate between Erwinia spp. and Aerobacter spp., 
slices of potato tuber should be inoculated in the 
usual way. 

Although the medium is highly selective, at times 
pectinase-producing Pseudomonas spp. have occurred 
on the plates. However, they form circular, entire, 
colourless or very pale yellow colonies, and do not 
grow in liquid salicin basal-salt media. On one 
occasion, an organism of the Bacillus mascerans- 
polymyxa group was obtained from the plates. 

The medium has been used principally in black 
leg investigations ; but isolations of soft rot coliforms 
from tomato, celery, etc., have been made successfully. 

Studies by one of us (D.C. G.) have recently 
shown that while EZ. atroseptica always produces 
alkali in the ethyl] alcohol peptone medium of Noble 
and Marshall’, this reaction is not specific to the 
black leg organisms. Certain isolates, identified by 
other biological and biochemical tests as 2. carotovora 
and E. aroideae, give the alkaline reaction also. 
Micro-tests, using washed suspensions in weak 
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phthalate buffer plus 5 per cent ethyl alcohol, were 
carried out. These showed that acid production in 
the ethyl alcohol peptone was perfectly correlated 
with acid production in ethyl alcohol alone. A full 
report will be published elsewhere. 


M. NoBLe 
D. C. GRAHAM 


Department of Agriculture for Scotland, 
Department of Plant Pathology, 
Scientific Services, 
East Craigs, 
Edinburgh. 
Oct. 9. 

1 Noble, M., and Marshall, M., Plant Path., 1, 134 (1952). 
* Rudd-Jones, D., Nature, 158, 625 (1946). 


Seed ae for the Control of Frit Fly in 
Oats 


Gough and Woods! have shown that the use of a 
seed dressing of an appropriate insecticide can give 
good control of damage caused by wheat bulb fly 
(Leptohylemyia coarctata Fall). Moreover, Bradbury 
and Whitaker? have shown that such insecticides 
as benzene hexachloride, when applied to the roots 
of a cereal seedling, are taken up systemically by the 
plant to a marked degree. Cunliffe and Hodges* 
showed that under dry conditions in the spring, 
the number of eggs of the frit fly (Oscinella frit 
Linn.) laid in the soil around the plant was several 
times those found on the plant, and this has been 
confirmed by us using a new technique for recover- 
ing eggs. This is being described by one of us 
(D. P. W.) elsewhere. It seemed, therefore, that an 
insecticide suitably placed around the roots of the 
young oat plant might kill some of these eggs or the 
young emerging larve and help to reduce the damage 
caused by this pest. 

Commercial seed dressings of gamma-B.H.C., used 
for wireworm control, are normally applied at the 
rate of about 600 ugm. of pure insecticide per gram 
of cereal seed, but Gough and Woods? used dressings 
of three times this strength (40 per cent gamma-B.H.C. 
at 3 oz. per bushel). A small pilot trial was laid down 
by us on April 26 at this centre using oat seed of 
variety S84 previously treated with a commercial 
dressing containing an organo-mercurial fungicide. 
To different lots of this was added further dressings 
containing gamma-B.H.C., aldrin and dieldrin, each 
at normal, twice normal and four times normal 
strength, that is, 600, 1,200 and 2,400 ugm. of pure 
insecticide per gram of seed. Each plot consisted of 
25 ft. of drill sown by hand. 

Samples of fifty plants were taken at random from 
each treatment on June 25, when the very heavy 
frit fly attack had reached its maximum, and all 
shoots examined for damage by frit fly. The results 
(Table 1) indicate the percentage of attack on the 
primary shoots and on tillers formed later. In a 
late-sown crop of this type, secondary tillers are 
produced too late to form a head of grain of any 
useful size, so the saving of the primary shoot is of 
major importance in production of a grain crop. 
These results show that under certain conditions an 
excellent control of the attacks on primary shoots 
can be obtained by the higher rates of dressing, 
especially of dieldrin, and that these shoots can go 
on to produce a reasonable yield even in late-sown 


crops. 
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Table 1 
Primary Y 

Dressing | Insecticide shoots Tillers Heads ( = 
rate attacked | attacked | per 25 ft. r 
(per cent) | (per cent)| ofdrill | acre) 

Untreated 94 48 0 a 

Aldrin 52 69 245 rh 
Normal | Dieldrin 32 76 264 0 
B.H.C, 60 64 76 6 

Twice | Aldrin 50 73 207 8-4 | 
normal | Dieldrin 16 68 376 1)°3 
B.H.C. 74 74 173 8 

Four Aldrin 24 59 350 18-0 | 
times Dieldrin 20 60 346 18-1 
normal; B.H.C. 28 64 246 7 





Germination at all rates of dressing had been reason- 
ably good, but as the untreated plants rapidly dis- 
appeared owing to frit fly attack, a comparison of 
germination was difficult. It is, however, known that 
gamma-B.H.C. and aldrin can be phytotoxic in the 
presence of mercury. 

Oa July 6 a further trial of the same type was 
sown, but this time using gamma-B.H.C. and 
dieldrin dressings at four times and eight times 
normal. Again the untreated control plots were 
practically destroyed by frit fly attacks, but the 
dieldrin plots gave substantially the same results as 
the four-times normal dressing previously used. 
Severe phytotoxic symptoms were apparent with 
the eight-times normal gamma-B.H.C. and to a 
lesser extent with the four-times normal. 

In the present trials, seed was sown by hand at a 
depth of about 1 in. Since under field conditions the 
seed and dressing might be placed at a much greater 
depth than this, the insecticides may be less effective 
against larve hatched from the eggs which are laid 
near soil-level. This aspect is being looked into. 

We are indebted to Mr. J. D. Thomas for the 
original suggestion which gave rise to this work and 
for reading this communication in draft. 


J. H. Fripter 
D. P. WEBLEY 
National Agricultural Advisory Service, 
Government Buildings, 
Tyglas Road, 
Llanishen, Cardiff. 
October 26. 


* Gough, H. C., and Woods, A., Nature, 174, 1151 (1954). 
a pas: F. R., and Whitaker, W. 0., J. Sci. Pood Agric., 7, 248 
* Cunliffe, N., and Hodges, D. J., Ann. App. Biol., 38, 339 (1946). 


Performance of Telephone Operators 
relative to Traffic Level 


OnE of the important problems involved in the 
efficient running of a telephone exchange is to decide 
on the number of operators required to deal with the 
expected volume of traffic. Calls arrive at an exchange 
at approximately random time intervals, so that the 
longer subscribers wait for their calls to be answered, 
the less respite will there be for the operators. To 
provide a service where subscribers rarely wait would 
require 80 many operators or trunks that they would 
be idle for a very large proportion of their time. 
In practice, a balance is struck between subscriber 
waiting and operator/equipment waiting. 
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Fig. 1. Relationship between operator performance and traffic level 


The mathematics involved in solving this problem 
for automatic exchanges were first developed by 
Erlang (Brockmeyer, Halstrom and Jensen)'. Sub- 
sequent extensions* provide a basis for calculating 
subscriber delay, given the traffic-level, the number 
of operators available to deal with it, and the operator 
handling time per call. Theoretically, therefore, one 
can predict how subscriber delay would be affected 
if the number of operators at an exchange were to 
be varied, if one can assume that operator time per 
call is independent of traffic-level. With the co- 
operation of the General Post Office 
this assumption has been tested at a 
cordless auto-manual exchange by ex- 
perimentally varying the traffic load per 
operator during a four-week period. Operator 
waiting time was measured by Tippett’s* snap- 
reading method, and from it, operator time per call 
was calculated. The result is shown in Fig. 1. 

It will be seen that over the range considered, for 
all practical purposes operator time per call varies 
inversely as the logarithm of the traffic load on the 
operator. An assumption of independence is clearly 
invalid. 


R. ConrapD 


Medical Research Council 

Applied Psychology Research Unit, 
Cambridge. 
Oct. 24. 

a er ag E., Halstrom, H. L., and Jensen, A., Trans. Danish 

Acad. Tech. Sei., 2 (1948). 
* Wilkinson, R. I., Bell System. Tech. J., 32 (1953). 
* Tippett, L. H. C., J. Textile Inst., 26 (1935). 


Missing Values in Factorial Experiments 


MeEtTHODs of estimating missing values have been 
discussed by Goulden!. Some applications to factorial 
experiments were presented by Cochran and Cox’, 
but they do not give a general formula. If there is 
one replication of ana xb xc x...f factorial 
experiment, with n factors A, B, C, . F ata, b,¢, 

. f different levels respectively, then it may be 
shown by minimizing the highest-order interaction 


NATURE 


{(a—1) Am—ZAj} {(b—-1) B 
ism Son kt 





1481 





sum of squares that a suitable estimate, y, of a missing 
value is given by : 


(—1)" * (a—1) (6-1) (¢-1).... (f—-ly_= 
(@)—a(A) —b(B) —c(C) . . 
+ab(AB)+ac(AC)+... —abc(ABC)—... 
.ee $(—1)*! be. . BO... F) 


where (@) is the sum of the available observations, 
that is, the incomplete grand total, (A) is the sum of 
the be . . . f—1 observations for the level of A which 
contains the missing value, or the incomplete A total, 
(AB) is the incomplete A x B total,... and 
(BC ... F) is the sum of a—1 observations. There 
will be 2”—1 terms on the right-hand side. For two 
factors this reduces to the well-known randomized- 
block formula : 


(@—1) (b—1)y = a(A) + 5(B) — (@) 


The purpose of this communication is to point out 
that the above estimate has a property which, 
except for the 2 x 2 table (see ref. 1, p. 310), has 
not been recorded. The estimate is identical with 
that obtained by equating to zero a particular com- 
ponent of the highest-order interaction. This is the 
component, with one degree of freedom, which 
measures the interaction of the comparisons of the 
level of each factor in which there is a missing value, 
with all other levels of the factor. The relation may 
be verified in any particular case by expanding the 
above estimation equation in terms of individual 
observations. This alternative estimate, which will 
in general be more laborious to calculate, may be 
obtained by expanding the function : 


where the product A,ByC,...Fy represents the 
observation at levels x, y, z,...w of the factors ; 
i, j, etc., run from 1 to a,b, etc., respectively ; and 
where observation A»B,Co.. . HE; is the one missing. 

A more detailed account of these results is being 
prepared for submission to the New Zealand Journal 
of Science and Technology. 


G. M. Wricut 


Crop Research Division, 
Department of Scientific and Industrial Research, 
Christchurch, New Zealand. 
July 17. 


1 Goulden, C. H., “Methods of Statistical Analysis”, 2nd. edit., 318 


(Wiley, New York, 1952). 
hran, W. G., and Cox, G. M., “Experimental Designs”, 202 


(Wiley, New York, 1950). 


A Mesolithic Burial Tumulus from Ceylon 


Stone age burials that have yielded more or less 
complete skeletons lying in the postures in which they 
were buried are extremely rare and this is particularly 
so of Ceylon and India. 

Pitted pebble hammers were recorded from Ceylon 
in 19421, and recently what appears to be a kitchen 
midden cum burial tumulus yielding more or less 
complete skeletons of the makers of these artefacts 
has been discovered at Bellanbandi Palessa at 
lat. 6° 31’ N., long. 80° 48}’ E., about two miles west 
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of the Valave River. A ridge of reddish earth about 
4 ft. high extends across a flat exposure of limestone 
and contains these bones of humans and of the 
animals eaten by them, together with stone and bone 
artefacts, all of the same age and occurring regularly 
from the surface down to the limestone. This has 
been eroded to a depth of 4 ft. by a former stream, 
now represented by a series of temporary pools. The 
area was divided into 6 ft. x 6 ft. squares and ten 
of these yielded six more or less complete skeletons. 
The fragments of about another ten individuals lay 
either upon or underneath them, together with the 
remains of the animals utilized as food, numerous 
stone implements, unworked pebbles, ten pitted 
pebble hammers and one pitted anvil-cum-grindstone, 
all akin to those in Fig. 1 of the original article of 
19421, and with them lay an abundance of microliths 
with crescents. Most of the pebbles bore scars of 
impact at either end or along the perimeter. The 
hammers and anvil-cum-grindstones being of granu- 
lite gneiss, amphibolite and basic igneous rock dis- 
closed heavy patination and incipient disintegra- 
tion ; but the quartz and chert artefacts were more 
or less unaffected by age. Some of the bone artefacts 
resembled (¢), (m) and (0) in Fig. 2 of the previous 
article’, and there were also large obliquely pointed 
digging sticks, spoon-like scoops of bone and deer 
antler and cells of elephant bone and of antler. 

Fig. 1 shows one of these skeletons from square B 2. 
With it are three pebbles and also a bag of thirteen 
smaller ones, probably sling stones, that had evidently 
been placed in a bag within reach of the corpse. 

The diet of this race consisted of the water snail 
Paludomus, the land snail Cyclophorus, the arboreal 
snail Acavus, the reptiles Testudo and Varanus, 
mammals such as squirrels, porcupine, hare, monkevs, 
pole-cat, bear, civet cat, fishing cat, pig, chevrotain 
spotted deer, sambhur, buffalo and possibly the now 
extinct gaur. 

Materials employed as pigment were lumps of 
hzematite and molybdenum worn smooth through 
friction. The entire skeletons were flexed, the 
majority facing east or south-east, a few faced north- 





Fig. 1. Filexed skeleton from 
Pelvis at lower left of figure, a 


uare B 2 lying upon its left side. 
of sling-stones near upper or 
right end of foot ruler 
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Fig. 2. Left surface of a skull plaster jacketed and lifted from 
square B 2. Its glabellar-occipital length, 223 mm. 


west, while other skeletons or fragments of such lay 
above or beneath them. They rested either upon 
the bedrock or on a rock slab, and were often covered 
over with another slab. The surrounding limestone 
had been affected by the decomposing corpse and 
distintegrated into yellow fragments. 

The skulls (Fig. 2) were dolichocephalic and 
prognathous with males possessing heavy diffuse 
brow ridges and markedly receding foreheads. The 
bite was of the edge-to-edge type. The skull bones 
were 8-9 mm. thick. The horizontal mandibular 
body was noticeably deep. 

The teeth were badly worn at an early age, doubtless 
due to sand in the diet, and the third molars which 
were usually as large as or larger than the second 
ones were well worn. Traces of the Y-shaped mark 
generally termed the Dryopithecus pattern were also 
present in some of the molars. 

The abundance of broken bones and human 
mandibles without calvaria that occurred both loose 
in the earth and as bone breccia suggests that this 
site was the kitchen midden of a cannibal tribe that 
had also ceremoniously slain and interred individua's 
within it. Fire was known; but its traces were scarce. 

The absence of potsherds, the abundance of micro- 
liths together with crescents, the unpolished nature 
of the artefacts, the pebbles with pits produced by 
conical drilling, the advanced mineralization of the 
bones, the marked change to aridity of an area 
that had once been traversed by a large stream from 
which the aquatic snail Paludomus and the arboreal 
Acavus had disappeared, and also the disintegration 
of some varieties of rock, all indicate sufficient age 
to support the view that this culture is Mesolithic. 

A detailed communication will appear in the Ceylon 
National Museums Bulletin, Spolia Zeylanica. 


P. DERANIYAGALA 
(Director of National Museums) 


Colombo, Ceylon. 
Sept. 28. 


1 Deraniyagala, P. EK. P., Nature, 149, 384 (1942). 
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No. 4548 December 29, 1956 
FORTHCOMING EVENTS 


(Meeting marked with an asterisk * is open to the public) 





Tuesday, January | 


INSTITUTION OF sagas ENGINEERS (at Savoy Place, London, 
W.C.2), at 3 p.m.—Mr. J. F. Coales: “The Evolution «. Automation”. 
(Christmas Lecture for Older Schoolchildren. To be repeated on 
Wednesday, January 2, at 3 p.m.) 


Tuesday, January |—Friday, January 4 


GROGRAPHICAL ASSOCIATION (at the London School of Economics, 
Houghton Street, London, W.C.2).—Annual Conference. 


Wednesday, January 2 


INSTITUTE OF FUEL (at the Institution of Civil Epeieem, Ls og 
George Street, London, 8.W.1), at 5.30 p.m.—Mr. W. A. D. Baker 
“Approval Tests for Coke Burning Domestic pe AE 2. 


INSTITUTE OF PETROLEUM (at 26 Portland Place, London, W.1), 
at 5.30 p.m.—Symposium on “Staff Training”. 


INSTITUTION OF MECHANICAL ENGINEERS, APPLI MECHANICS 
Group (at 1 Bird Walk, Wreumnlagter, Lon London, SW} 1), at 6.45 p.m. 
—Discussion on “New Techniques in Photo-Elasticity 


Thursday, January 3 


PuysicaL Society (joint meeting with the InsTITUTE OF RE- 
FRIGERATION, at the wre’ Institution of eae 14 Rochester 
Row, London, 8.W.1), at 5.30 p.m.—Mr. M. J. Hickman: “The 
Thermal Properties of Heat Insulation at Low Temperatures”. 


INSTITUTE OF METALS, LONDON LocaL SxgcrTion (at 17 ee 
Square, London, 8.W. 1), at 6.30 p.m.—Dr. H. K. Hardy: 
Metallurgical Challenge of Nuclear won”, 


Friday, January 4 


INSTITUTION OF MECHANICAL ENGINEERS, APPLIED MECHANICS GROUP 
(at 1 Birdcage Walk, Westminster. London 8.W.1), at 6 p.m.— 
Dr. J. M. Alexander and Prof. Hugh : “An Experimental 
Investigation of the Process of feetios “Boiler Tubes”. 


Saturday, January 5 


BRITISH INTERPLANETARY Society (in the Tudor Room, Caxton 
Hall, Caxton Street, London, 8.W.1), at 6 p.m.—Dr. Michael W. 
Ovenden: “Astronomy and Earth Satellites’. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

NEUTRON SPECTROMETER ASSISTANT (at least 27 yeers of age. and 
with G.C.E. in four subjects at “O” level, including the English 
language and a mathematical or scientific subject, or equivalent 
qualifications) IN THE NUCLEAR PHyYsIcs DIVISION, to assist in the 
carrying out of slow neutron cross-section measurements on — 
active samples—The Establishment Officer, Atomic Ene: wy, Reeancs ig 
Establishment, Harwell, Didcot, Berks, quoting Ref. 678/34 (January 1). 

CHEMIST (with a good first- or second-class hono urs degree) at the 
Central Laboratory, Chiswick—The Recruitment and ‘d Traini Officer 
(F/EV.613), London Transport, 55 Broadway, Westminster, London, 


8.W.1 (January 5). 
SUPERINTENDENT OF THE LABORATORIES—The Regis- 
a know! 


THE CHEMISTRY 
trar, The University, Sheffield arf re 

EXPERIMENTAL OFFICER (preferably ledge of chem- 
istry, routine tests used in clinical pathology, and ability to handle 
farm animals) IN THE RADIO-BIOLOGICAL LABORATORY—The Secre- 
tary, Agricultural Research Council’s Field Station, Compton, New- 
bury, Berks (January 14). 

LECTURER IN msg 2 at the University College of the West 
Indies—The Secretary, Senate Committee on Colleges Overseas in 
mene _— University of London, Senate House, London, W.C.1 

uary 

EXPERIMENTAL OFFICER (with G.C.E. (advanced) in physics and 
one other scientific subject, or H.N. . 3 ‘appl lied physics or engineering 
with a good reading knowledge of and one other foreign 
language) at the National Physical ete, ne Miata. 
for translating and abstracting from scientific jo Ministry 
of Labour and National Service, Technical and Scientific Register (K), 
26 King § Street, London, S.W. 1, quoting A.423/6A (January 19). 

PROFESSOR AND HEAD (with high academic qualtfications in mech- 
anical engineering, and wide experience in research and teach in 
internal combustion and automobile engineering, ond in indus 
testing and development work) OF THE DEPARTMENT OF INTERNAL 
COMBUSTION ENGINEERING—The Registrar, Indian Institute of 
Science, Bangalore 3, India (January 20). 

SENIOR LABORATORY TECHNICIAN (over 35 years of age, and prefer- 
ably with previous experience in histo! and/or microbiology) for 
basic research in microbiology a b' ‘- techniques—The 
coerotary, Genesinad Research Institu ley, near Maidenhead 

uary 

RESEARCH FELLOW ose pene with ane in Milky Way 

research by observational methods) THE DEPARTMENT OF 
ASTRONOMY, Research School of Phyeled Po Australian National 
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University—The Secretary, Association of Universities of the British 
ee 36 Gordon Square, London, W.C.1 (Australia, Jan- 


) 

a eeRaRCH ScHOLARS (with a Master’s degree or equivalent research 
experience) IN THE DEPARTMENTS OF ASTRONOMY, Guoruysics, 
NUCLEAR sics, PARTICLE PHYSICS, RADIOCHEMISTRY and 

RETICAL PHYSICS rch School of. Physical Sciences, ‘Australian 
National University Canberra, Australia—The Secretary, Association 
of Universities of the British Commonwealth, 36 Gordon Square, 
London, W.C.1 (January 28). 

CHAIR OF Puysics in the Univesity of Mala palegs. Singapore—The 
Secretary, Inter-University Council for Higher Education Oversess, 
29 Woburn Square, London, W.C.] (January 31). 
Gane se Aa oo oa af tthe Univer ity of Sydney, 

an °p emiolo y) a e Univers! 
Australia—The Secret Association Universities of the the British 
ee 36 Gordon Square, ake, W.C.1 (Australia, Janu- 


specific and con- 


LECTURER or ASSISTANT LECTURER IN CROP HUSBANDRY, at 
Makerere College (University College of East Africa)—The Secretary, 
Inter-University Council for Poe Education Overseas, 29 Woburn 
Square, London, W.C.1 (April 8). 

ASSISTANT PROFESSOR (with an honours degree in mathematics 
and preferably some oo uate experience in research or teaching) 
IN THE DEPARTMENT 0 THEMATICS—Head of the De; t of 
Mathematics, Univeraty of of New Brunswick, Fredericton, N.B., Canada. 

BiocuEMIST, Basic grade (with experience in steroid chemistry) — 
The Group Pathologist, The Mental Hospital’s Group Laboratory, 
West Park Hospital, Epsom, Surrey. 

BIOCHEMIST P ewith a first- or eesih-cbens honours degree o: 
equivalent) to assist in research on amino-acids in animal nebrition: 
and a BACTERIOLOGIST (with a first- or second-class honours degree or 
equivalent) to assist in work on nutritional significance of micro- 

organ of the digestive tract—The Secretary, Rowett Research 
Institute, Bucksburn, Aberd 

CHEMIST (with at least a four years me gage A degree, and prefer- 
ably spacey trained in physico-chemistry); and a BAGrERIOLOGIBE 
(preferably with a university degree, = well — in industrial 
microbiology) AT THE Soman MILLING RESEARCH INSTITUTE, Durban 

Director, Sugar Milling Research Pinstitute, University 1 Private 
Bag, King George V Avenue, Durban, South Africa, and to South 
wan Scientific Liaison Officer, Africa House, a. London, 


IN THE DEPARTMENT OF Puysics, University 
College of Rhodesia and Nyasaland—The tary, Inter-University 
wae for Higher Education Overseas, 29 Woburn Square, London, 


DEMONSTRATOR (with a good first-class degree in science or engineer- 
ing or equivalent poseeaneeen) to teach experimental aerodynamics 
and to participate In the ng wind tunnel research activities ; 
and an ASSISTANT wun TORNEL NGINEER (with experience of the 
operation of large-scale plant inveiving powers of around 1,000 kW., 
and sound relevant knowledge of mechanical and electrical engineering 
techniques me pode the — of a 9 in. by 9 in. a supersonic 
tunnel an 6 ft. general purpose low-speed tunnel, and 
— e aipment ‘The Recorder, College of Aeronautics, Cranfield, 

ey, 

LABORATORY TECHNICIAN (A.I.M.L.T. or equivalent qualifications) 
to assist with research work in bone histology—The Pathology 
mat, Institute of Orthopaedics, 234 Great Portland Street, London, 


LABORATORY TECHNICIAN (male or female, with A.I.M.L.T. or 
een London Blood Transfusion Centre, Deansbrook 


PHYSICIST IN IN CHARGE AT THE NORTHERN IRELAND RADIOTHERAPY 
CENTRE—The Secretary, Northern Ireland Radiotherapy Centre, 
Purdysburn, Belfast. 

PRINCIPAL SCIENTIFIC OFFICER (with a first- or second-class honours 
degree in physics or electrical engineering, and at least three years 

postgraduate research experience in one or more of the following 
helds : (a) 7 or arc discharge process; (6) generation of high 
— high vo! ae pulses ; or (c) capacitor *development) to conduct 
programme of research into certain aspects of weapon di 
The Senior ecnabnees Officer, Atomic Weapons Research Establish- - 
ment, Aldermaston, Berks, quoting Ref. B/1000/34. 

RESEARCH ASSISTANTS (honours graduates in chemistry) IN THE 
DEPARTMENT OF APPLIED SCIENCE, Wolverhampton and Staffordshire 
College of Technology—The Clerk to the Joint Education Committee, 
Education Offices, North Street, Wolv pton. 

SCIENCE GRADUATE (with a good degree in physics or equivalent, 
and preferably with previous “7 rience in research) IN THE PHYSICS 
DEPARTMENT, for research on the measurement and suppression of 
dust—The Assistant oneee, ‘British Coal Utilization 
Association, Randalls Road, Leatherhead, Surrey, quoting Ref. C.84. 

ScrENTist (female, with a first- or second honours and 
some research experience) AT THE NATIONAL COAL BoaRD’s 
DIVISIONAL LABORATORY, Edinburgh, for work — concerned — 
studying the on ee characteristics of fine coal and clay y suspensio; 
in water and high temperature reactions associated with brick making 
—The Divisional Chie Staff Officer, National Coal Board, 3 Eglinton 
Crescent, Edinburgh 12. 

SLEEPING SICKNESS CONTROL OFFICER (preferably single, with a 
good general education and agricultural training, or knowl of 
surveying, are. entomology or botany) in the Northern Nigeria 
Government ag aN Crown Agents, 4 Millbank, 
London, 8.W.1, quoting 3A/43728/N 

SPECTROGRAPHIC CHEMIST, Research Officer (with at least a univer- 
sity degree with first- or second-class honours, and preferably some 
experience with spectrographic cepa and met ods), with the 
Australian Atomic Energy Commission, Lucas Heights, “ieaees, 
Australia, to o1 a range of spectrographic ai ytical services 
and to carry out research on spectrographic analysis generally—The 
Australian Atomic Nod Commission Liaison Office, Australia House, 


Strand, oe ag W.C. 
TECHNI CHEMISTRY DEPARTMENT—The Secretary, 
Royal allowey y Ooliage, Englefield Green, Surrey. 
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REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Physics in phen and Biology. Vol. 1, No. 1 (uly, 159m). 
Edited by Prof. J. E. Roberts. . 102+1 plate. 20s.; 3 dollars 
Annual Rin F Be 70s. per vo ume (4 parts); 10.50 dollars in 
U.S.A. and Canada. (London: Taylor and Francis, "Ltd., 1956.) [1710 

British Electrical and Allied Industries Research’ Association. 
Technical Report L/T 321 : 7 Effects f Small Discharges on Some 
Insulating Materials—1. By N h, Freauencs figures. 12s. 6d. 
Technical Fee e 343 : quency a = 
—e late Gaps. and P. E. 
Pp. 6+11 ay fs 6d. Tootatent ae L/T 350: A Biwty of 
Tontzation Coefficients and Electrical oe in Hydrogen. B 

. Wilkes, W. Hopwood and N. J. Peaco Pp. 18+5 figures. 12s. 

Me es Electrical ay Kalina Tadustrice Research 


956.) {1710 
irkbeck * Golege (University of London). Calendar for the year 
oe a Session.) Pp. 187+xv. (London: =— 
‘0 
Contcal aElostricity Authority. Eighth Report and Statement os 
Accounts for the year ended 3lst March, 1956. Pp. viili+244+8 
plates. (London: H.M. Stationery Office, 1956.) 10s. 6d. net. [2510 
Institution of Metallurgists. The Fatigue of Metals. (Lec.nres 
delivered at the Institution’s Refresher Course, 1955.) Pp. 148+16 
tables. (London: Institution of Metallurgists, 1956.) 25s. 12510 
noe College of Science and Technology (Univ versity of London). 
Research Report of the Royal = of Science, 1953-56. Pp. iv+ a 
(London : eoerial ‘gg 56.) 2510 
Tinplate H ‘acts about sieatete for Buyers and Users. 
By De. W. E. Hoare. Third, revised edition. Pp. 44. (Greenford, 
Mddx.: Tin Research Institute, 1956.) 2510 
Scottish Society of the History of Medicine. rt of in; 
Edinburgh : Society fe : e 
2510 


Prowse 


Session 1955-56. Pp. 34. Scott 
History of Medicine, 1956.) 

Royal Institute of Chemistry. Lectures, Monographs and om. 
1956. No.3: Coalasa Raw Material. By W. Idris Jones. Pp.i 
(London: Royal Institute of Chemistry, 1956.) 4s. net. 

Scientific and Engineering Manpower in Great ——" 
(London: H.M. Stationery Office, 1956.) 1s. 6d. mn 2 
Piezoelectric Ceramics. Pp. 16. (Towcester : ‘Technical Ceramics, 
Ltd., 1956.) [2510 
Association of Universities of the British Commonwealth. United 
Kingdom Postgraduate Awards (Fellowships, Scholarships, Grants, 
etc.), 1956-57. List of Awards tenable at Universities in the United 
om. Short list of Awards tenable Overseas. Pp. 130. (London : 
Association of Universities of the British Cosmmmeniwentt, 1956.) [2610 
Ministry of Labour and National Service. Method of Construction 
and Calculation of the Index of — Prices. Pp. 40. cae 
H.M. Stationery Office, 1956.) 1s. 9d. n 
Ministry of Education. List of Special Schools for mendisleget 
= in England and Wales (including Boarding Homes for Handi- 
Pupils, and Establishments for Further Education and Training 
of isabled Persons). (List 42, 1956.) Pp. 72. (London: H.M. 
Stationery Office, 1956.) 3s. 6d. net. (2610 
Flora of Tropical East Africa. Edited by W. B. Turrill and E. 
Milne-Redhead. Menispermaceae. Pp. 32. (London: Crown Agents 
for Oversea Governments and Administrations, 1956.) 3s. [2610 
Higher Education in the United Kingdom : a "Handbook for Students 
from Overseas. Pp. 203. (London: Longmans, Green and Co., Ltd., 
1956. Published for the British Council, and the Association of 
Universities of the British Commonwealth.) 5s. net. {711 
The Religious Philosophy of Dean Mansel. By Dr. W. R. er oe 
Dr. Williams’s Library, Tenth Lecture, 1956.) Pp. 
: Oxford University Press, 1956.) 3s. 6d. net. Hi 
oposals for the Development of ‘the Manchester College of Science 
and Technology. By Dr. B. V. Bowden. Pp. viii+140. (Manchester : 
Manchester College of Science and Technology, 1956.) 5s. {711 
Memoirs of the British Astronomical Association. Vol. 37, No. 3: 
Edmund Halley, 1656-1742: Papers to Commemorate the Tercen- 
tenary of his Birth. Pp. 39+2 plates. (Hounslow West, Mddx. : 
British Astronomical Association, 1956.) 5s. (711 
Colonial Geology and Mineral Resources. Supplement Series, 
Bulletin Sepphenens No.1: The East African a System. By Dr. F. 
Dixey. Pp. — +7 plates. (London : tationery Office, 
1956.) .78. 6d. net {711 
Aluminium Development Association. Directory of Members. 
Pp. vi+18. List of Publications. Pp. 31. (London: Aluminium 
Development Association, 1956.) (711 
Emp Cotton Growing Corporation. Progress Reports from 
Experiment Stations, Season 1955-56. Cotton Research Station, 
Namulonge, Uganda. Pp. 50. 9d. Aden Protectorate. Pp. 14. 9d. 
(London : empire Cotton Growing Corporation, 1956.) {711 


Other Countries 


New Zealand. Thirtieth Annual Report of the Department of 
Scientific and Industrial Research. Pp. 73. (Wellington : Government 
Printer, 1956.) [1710 

Memoirs of the Commonwealth Observatory, Canberra. No. 12: 
Spectral Types of Bright Southern Stars. By Mary Lee Woods. a 
1B. (Canberra: Government Printer, 1955.) (17 

Union Observatory, Johannesburg. Annual Reports, 1063-1066, 

. (Johannesburg: Union Observatory, 1956.) 1710 

Chicago Natural History Museum. Fieldiana: Geology. Vol. 11, 
No. 8: A Review of the © Habitat of the Sgr Vertebrates. By 
Robert H. Denison. Pp. ii+359-458. 1.50 dollars. Fieldiana - 
Zoology. Vol. 36, No.2: The Distribution of Fishes Found Below a 

th of 2000 Metres By Marion Grey. Pp.ii+75-338. 4 dollars. 

. 38: Days with E Birds - Studies of Habits of Some East African 
Species, By V. G. L. Someren. . 11+520. 8 dollars. Vol. 39, 
af New Birds from Nepal. By Kestle L. Rand and Robert 
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December 29, 1956 


L. Fleming. Pe 4. 10 cents. Vol.39, No.2: A New Lacertid Lizard 
from A Ah A og 15 cents. (Chi 


Chicago 

of Pissi 
Chalk River, Ontario, May 14 1956. rt No. aa 
Pp. mts ~~ (Chalk River, ont.: \ieue Energy of Canada Li 


1956.) 5 
East pF Meteorological ent. ey erany 
The Climate of Nairobi City. Pp. 4. (Nairobi: 
ipivantenr Fecraphicdion. 3 1 Band, Heft 1, 1956, Pp. 
68. 
Gustav ischer Verlag, 1956.) 10 D. 
Council of Scient te and Industrial 


Research. 
—-, Manbhum, Bihar. Carbonization Potentiaities rf 
M.P. Coals, reg oS iv+62. (Jealgora, Manbhum, Bihar : : 
Institute, 1956.) 


United States ent of Agriculture. Technical 
No. 1140: Effect of Spac iF sete Agronomic and Fiber Character. 
istics of Irrigated Cotton. H. Peebles, G. T. Den-Hartog ang 
E. H. Prellsey. Pp.ii+62. (Ww ciasten De: Government Pri 
Office, 1956.) 25 éents are 
United States tes _Departme t of Commerce : 
Standards. Circular 539 Vol. 6: 


Standard X-ray Ditracton Pon Powde 
Patterns. By Howard E. Swanson, Nancy T. Gi ich and Marlene J, 
Cook. Pp. ii+62. (Washington, D.C. : 


vernment Print 
1956.) 40 cents. ag be 
Clinica Chimica Acta: International Joga of Clinical Chem 
Vol. 1, No. 1 (January, —, Pp. 100. Vol. 1, 1956 (6 issues), 908. ; 
Vol. 2. 1957 (6 issues), 90s. (Amsterdam : Elsevier r Publishing Com. 
pany ; London: Coonvor Wesas Press, Ltd., 1956.) ane 
United States Department of Agriculture. MTecinatcal Bulletin Xe 
1135: The Larvae of the —— By 8. E. Crumb. Pp. f 
pe +13 ae, (Washington, D.C.: Government Printing Ofte, 
Federation of Nigeria. Annual rt on ‘ar Department a 
Agriculture (Central), for the year 1 . Pp. 52. Govan 
ment Printer, 1956.) 9d. net. (2510 
On the Genesis ot the Ovum of Mammals and of Man. By Karl 
Ernst von Baer. (T into English by Charles Donald 
O’Malley). (Reprinted from Isis, Vol. —% a 1 plate. (Cam. 
bridge, Mass.: History of Science Society, Inc., 1956.) 1 dollar. [2510 
Arctic Institute of North America. Technical cal Paper No.1: The 
Plankton of the Beaufort and Chukchi Sea Areas of the Arctic and Its 
Relation to the Hydrography. By Martin W. Johnson. Pp. 3% 
(Montreal: Arctic Institute oft Worth America, 1956.) 50 cents. ee 
Indian Forest Bulletin No. 211 (New Series) : and 
Cold Caustic Soda Pulps and Cheap Grade Writing and or 
Papers from Blue Gum CBueal 4 —— Labill). By R. V 
= P. R. Gupta. Pp.ii+11. : Manager of Publications, 1986) 


1s. 

Chicago Natural History Museum. Fieldiana: Zoology. vee is, 
No. 4: Placentation of the Pigmy Treeshrew, 7'upaia minor. 
Waldemar Meister and D. Dwight D. Dav is. Pp. I 73-66 + plates 10-1 
— 803.) (Chicago : Chicago Natural History Museum, 1956) 

cents 

Proceedings of a Conference on Tissue Fine Structure held at abden 
House, Harriman, N.Y., January 16, 17, and 18, 1956, under the 
auspices of the Morphol logy and Genetics Study Section, Division of 
Research Grants, National Institute of Health. Edited by Keith R. 
Porter. (Supplement, Vol. 2, No. 4, 3 2, July 25, 1956, Journal of 
(Bela ysical and Stoshoseicad C * Xv +454 +147 plates. 

semen, Md.: Rockefeller eatitete. for Medical Research, ‘tl 


 Tratted tes Department of Agriculture. Index-Ca 
Medical A Velen ay Supplement 6, Authors A-Z. 
Mildred A. Doss, Judith M. Humphrey and Do) Dorothy B. Segal. 
il+1375-1788. (Washington, D.C.: Government Printing 

1956.) 1.50 {71 


) dollars. 

World Health Organization. Technical Report Series. No. 114: 
Toxic Hazards of Pesticides to Man—Report of a —, xy Pp. 
(Geneva: World Health Organization ; yoy Biationery 
Office, 1956.) 2 Swiss francs; 3s. 6d.; 7 

Mitteilungen des Deutschen Wetterdienstes. "Nr. 16 (Band 3): 

Vortrage tiber Frostschutz anlasslich der “1. Tagung der Arbeits- 

ft Frostschutz” am 22 November 1955 in Bonn, und der 
tiber die technischen Erfahrungen des Deutschen 

Wetterdienstes im Frostschutz,” am 26 April 1956 in Mainz. Pp. 86 
(Bad Kissingen: Deutschen Wetterdienstes, 1956.) fru 

Bulletin of the Florida State Museum (B! ological parig cm Vo! 
No. 3: Freshwater Mollusks of Ala d Florida, from 
the Escambia to the Suwannee River. By Willem J. Clench and Ruth 
D. Turner. Pp. 97-240 (9 Lan. (Gainesville, Fla.: Florida State 
Museum, 1956.) 1.80 dollars. 711 

Publikationer fra det Danske Matenestogiitee Institut. Communica- 
tions Magnétiques, etc. No. 22: On the Computation of ag 
Variations in Geomagnetism—Two Simple Methods. By 
Pp. 25. (Kebenhavn: Trykt I Horsholm Bogtrykkeri, 056.) 
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